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to exist* 

This iiiiportant family is priiieipallv confined to the tropics. In India both the climbing and 
trailing species are met with in great abundance. The climbing Cucurbits often attain so great a 
size that they completely cover large trees wltli luxuriant foliage. This well-known r,- mily of which 
some of the species are \'ery extensively cultivated is still far from being well understood. The 
structure and habits of these plants are so peculiar that it is difficult to rind any parallel wii-h which 
to compare them and learn by analogy their true relations in the vegetable kingdom. The family 
thus stands almost alone and its species can scarcely be confused witli any other except those of the 
Passiflora(’,eae. 

Deferring to their proper place all remarks on the genera and organs from which character' 
are drawn, the author may olisr-rve here that the discrimination of species is extremely difficult as. 
no reliance can be placed on the form of the leaves as alTording specific identifying characters. Almost 
every variation of form, from simple up fo much divided leaves, is found in the same species am. 
even occasionally in the same plant. Nearly all the cucurbits are annuals with climbing succulent 
stems, furnished with tendrils which are supposed as abortive lateral stioules or nie^aniorphoseb, 
branches or, according to modern botanical doctrines, transformed leaves, stipules bei ;,g considered; 
modified leaves. The flowers are usuall}^ unisexual, the male and female generally on the same plaiii 
(monoecious) or even springing from the same axil; or rarely they are on different plants (dioecious) 
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Intboductiox 

Indjan Oucurbitaceae furnish an interesting histological study owing first to the presence of distinct 
bicollateral nature of bundles in the stem and to the presence of anoinaloiis anatomical characters 
in some of tlie ge.mM*a, secondly to the special contrivances of depositing calcium carbonate and 
calcium oxalate, during the process of : :etalH>ljsm, in the shape of cystoliths and ci'vstals respectively 
in the epidermal cells of the leaves. Morphologically it is interesting for the presence of oxtnxfloral 
nectaries in the vegetative organs especially on the leaf blade and the petiole and also for the mecha- 
nism in the construction of the flower and the tendril which is still a debatable problem. Economi- 
cally Cucurbitaceae play an important role in the supply of a good many of our common vegetables 
and also in the supply of a siibstaiitial number of indigenous drugs obtainable from genera like 
Trichosanthes, Lagenaria, Liiffa, Benmmsa, Momordiea, Cummis, Citrulhs, Coccinda {CepJialandm), 
Cucurhita, Bnjouopm {Bryonia), etc. 

Some of the species of Cucurbitaceae are cultivated and some are found in a wdld state, throughout 
India. In the alpine zones of the Himalayas, above 9,000 ft., cociirbitaceoiis plants generally cease 


COITTEKTS — cont(L 
Paoe 

i)6 BlaMania 

67 />. fimbristipida 

68 B. Garclni 

()9 Dicaelospermun . 

69 B. Ritchki 

70 Ci/clanthem . 

71 0. pedata 

71 Anthwstenma 

A. tenenmi . 

Zmonia .. 

Z,indica 
Qomphygyiie 

G. (dmiforniis 
Q, heJerosperma 
Gynostemma 
Q, pedata 
G, bnrmmiica 
AUomitra 

4 mrcophylla 
■ A.- davigera . 
A . rubigera . 


PACfE 

^ .79 
'■ : 79 

80 
. 81 
81 
81 
82 
82 
82 
'88 
83 
' , ,84 
. 84 

. 85 
'85 
. 85 
'85 
86 
86 
87 
87 


€» veliiiims . 
€. eonocurpus 
C. Kpigam-e . 


M cloth/' id . . 

J. ' bioHpernui 

M. wnderudpatami 
Jf. tmtpkxicaulis 
M. perpusilla 
M, mucfonata 
if., iniica 
M. oiorata 
if. zeylanica . 

, M'.'WaUicMi . 

Jf . hicirrhosa 
M. hekrophylhi 

Eedrostis ■ i ' , 

K. rodmta 


Cerasiocarpuni 

<2. zeylaniciim. 



SfiJMES OK 1KDIAK CUCU31BITACBAM 




n.^ m Tnchosantlies pah^^^ or Ti dwim, usually the flowers are white, red or yellow. The coloured 
portion of the flowers is supposed by some botanists to be a petaloid calyx- and the cipparcat calyx, 
merely certain external appendages— a view not likely to find inany sut)]M„xiers. Thu stamens in 
this family are peculiar and present many variations of form. These have som<itini<,‘s re;*en eniployed 
distinguisliing characteristics of the different genera. The fruit lik(^ ?verv other part of these 
singular plants is quite sui generis and is in consequence designated i.>y its own name, pepo or pepoiiida, 
hence Peponiferae— the name given by Bartling and Endlicher to the class. The true pepo as has 
recently been shown is a tricarpellary fruit but with the carpels inverted, that is with the dorsom 
of the carpellary leaf in the axis, and the placentiferous margins turned towards the circumference 
instead of towards the axis as is usuaTwith other fruits. Differences are so great in the construction 
of this most essential organ that their affinities with other families have still to be determined. In 
order to facilitate the right understanding of this most difficult and complex family, the following 
introductory remarks may be useful : 

"'' Calyx 5-toothedy sometimes obsolete. Petals 5 distinct or more or less united, sometimes 
scarcely indistinguishable from the calyx, strongly marked with reticulating veins, sometimes 
fringed, staniens 5, distinct or triadelphous, anthers 2-Gelled (or rarely l-celled), usually long, 
sinuous, rarely ovate, ovary adhering to the tube of the calyx, of 2 or 3 carpels. Carpels inverted 
that is, having the dorsum in the axis and placentiferous margins in the circumference, hence 
the fruit 2-3 - celled but with 4 or 6 parietal placentas ; ovules solitary or indefinite, imbeded 
in pulp ; style short ; stigmas 2 or 3, 2''lobed, very thick, velvety or fringed. Fruit fleshy 
usually a peponida. Seeds many usually ovate or compressed, enveloped in a juicy or dry and 
membranous arillus ; testa coriaceous, often thick at the margin. Albumen none. Embryo 
straight ; radicle next the hilum ; cotyledons foliaceous palmatinerved. Stem succulent; 
climbing by means of tendrils usually lateral and formed of abortive stipules. Leaves palm- 
inerved, alternate; fiow^ers unisexual’ k 

Geographical DiSTRiBXJTioN 

As already stated, the cucurbits are widely distributed throughout the warmer parts of the 
globe, especially in the tropics. About one hundred genera with about eight humlred species are 
at present known. Of these, 28 genera comprising about 87 species, occur in the tropical regions of 
India. .About 15 species are cultivated principally for their edible fruits. 

The Old World lias the greater number oLgenera but the New World contains a larger numlier 
of species. Excluding Oucurbita which is probably not endemic in the Basteni Hemisphere, seven 
genera are common to the East and the West. This family, though extensively a tropical one .and 
of more frequent occurrence in India than in any other country, has yet a wide distribution over 
the world, a few being found even as far north as Europe. At the Cape — we learn from Harving’s 
Genem of South Af rican Plants — there are species belongingto seven different genera ; one species is 
found in the Norfolk islands, but plants belonging to this family are generally rare in Australia. 
In equitorial America and Africa they are of more frequent occurrence, but nowhere so abundant 
as in India and her islands, extending eastwards to China and Japan. Blume enumerates 41) species 
found in Java alone, which leads one to the inference that the rest of Asia produces at least three or 
four times as many. Seringe, however, assigns only 70 to Asia, which single fact shows how little 
the family is known, since more tlian half of the whole number are from Ja\ a. 

In the following pages the author has attempted to bring out a complete list of the species of 
Cucurbitaceae at present found in India and Burma. The area surveyed iuclud is the whole of 
India comprising Baluchistan and the borders of Afghanistan as the North-West limit, the Himalayas 
covering the whole eastern, western and central ranges and also the kingdoms of Nepal and Bhutan, 
as the northern limit and a part of the plateau of Tibet. In the east the area covers the whole of 
the Indo-Burma frontier penetrating at some places into Yunan, the frontier of China and Burma. 
In the south, tlie area covers Ceylon in the Indian ocean and the Andaman and Nicober islands 
and also the’ Cocos group in the Bay of Bengal The Maldives and T^accadives whose flora are 
akin to the vegetation of Peninsular India have also been embraced. The maps attached herewith 
will clearly show the area surveyed and the wide range of distribution of wild economic species. The 
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Distribution of economic cucurbits. 


spots of occurrence of these species have been plotter! with reference to actual places from where 
specimens have been collected. The signals indicated in the maps also give in addition an approxi- 
mate idea of the areas round about which the species in question do occur or are expected to occur. 
Hooker in his Flora of British hdia has enumerated about 70 species under 29 genera. But a few 
species have been included along with other new" records thus totalling the number of species to 87. 
The genera MuMa and Zekneria of Ilooher’s Flora of British India have been retluccd to Melothria. 
For the sake of convenience, the meastrrements of micro structures in the follow'ing species have 
been given in metric system : Trichosanthes cusfidata Lam., T. brerihracteata Kundu. T. Perrotle- 
iiana Cogu.. T. villosula Bluine, T. ovata Cogn., T. Irimixpuhia Lour., T. lepiniana Cogn., T. anai- 
imhiensis Bedd., T. nuijutscuh Kundu, T. Jchasiam Kundu, and Momordica. wacrophylJa Gage. 
The genus Cyclantkera has been added with one species Cydanthera pedata Schrad. -an American 
plant which seems to be introduced and naturalized in the North-Western border of the Himalayas. 
Of the 28 genera occurring in India, 37 species have been recorded as endemic and the rest are non- 
endemic. Some of these non-endemic species may be traced to have travelled from Europe, 
a good many from Africa and quite a lot from Malaysia. Table I wdll explain the comparative 
relationships of the Indian species with those of the world. 
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Table I 


Numerical comparison of the Lndimi species with those of ike world 
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37 

47 

86 ■' 
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Nomekclatuke 

In the binomial nomenclature of the species, the older obsolete names as given in the Flora of 
British India have been discarded in the present paper. Attempts have ])ee.n made to ascertain the 
correct name of a species. According to Intermiional Rules of Botanical N omenclalure, the name 
given to a species by the author of its first recorded authentic description has priority over the name 
or names which subsequently may have been given to it by other autliorities. unless the name has 
to be changed owing to transference of the species to another genus. It sometimes happens that 
the same names have been given to different species by different authors. Accuracy in describing 
a species however, could not he often maintained by the authors while describing the same species. 
Where this has happened according to the International Rules the original specific name is retained 
and two authorities have been given for the change. The author of the original name is first shown 
in the brackets followed by the author of the new combination. According to the present convention 
International Rules of Botanical which is however not obligatory, the use of 
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Fi», 2. Distribution of economic cucurbits. 

capital letter for the fcspeciiic naioe lias been abolished except in tlie cases where the specific naiiie lias 
at soinetbne i)een used as a generic name, where the specific name is a genetive singular or 
an a.djectivaH(>rm of some one's name. This recommendation is not however followed hj many 
applied botaiii>sts, who irresj)ective of their derivation write specific name with a small initial 
letter. In checdcing these names in addition to consultation of original papers the following l)ooks 
have often been refeiTed to : 

(1) l)((lex Kf-wpjisis, (2) Index Londiimisis, (3) Gamble's Flora of Madras, (4) Prain’s Bengal Plants, {f>) Kev: 
Bulletins, etc. 

The following numori have been checked and changed . 

Olfmnopekdum integriJUmm Kurz, . . Triclwsanihes iniexjcifoVia Exitl. 

^y\u 'rricJumanlhcs ^wlnnita Rox\>. . , , . TrioJiosanllieshractmta Yolghi, 

ii>ynPCrichusanthe8 mnltiloha , Trichosanthes WaUic]iianay\^ig]it, 

^yn. Tnc}a)sarritheslobaia Koxh. ■* . /, Trichosanthes cucvmerma Lmn. 

%yii/Frichmarifhea reriifomis 'biVni. . > .(reduced to) Linn. 
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^yn, Ceiylmlendra indica Maud, 
syn. Bryonia laciniosa Linn 
syn. Mukia scubrella Am. 
syn. IluJda leios'perma Thw. . 
syn. ZeJineria Baueriana Endl. 
syn. ZeJmeria Hooker kina Arn. 
syn. ZeJmeria umbellata Tliw. . 
syn. MeJotliria odorata Hk. f. & T. 
syn. Ehyndwcapara foetMa Sehrad. 
syn. ThkidiantJia dubia Bunge, 
syn. Cfenolepls Garcini A^aud. . 
syn. Oorallccarpufi conocarpa Hook, 
syn. Ct&nolepis ceraciformia A'aiid. 
syn. Warea tonglensis Xaud. 


Distribution of economic cucurbits. 

. C occinia iridka Wigh^^ 

. Bryo7iopsis lacdndosa 
. {reduced to) MelotJiria maderaspaiana 

{reduced to) MelofJtria leiosperma {W. & Ad Gcign, 
. . . (rediK^ed to) i/e/o/Arm mttmnato {Bl.) 

. . , {reduced to) 3d elothria 2>e-rp'iisilki Vogn, 

. . (reduced to) Jfe/o^Ana Cogii. 

. . . AlelotJi/riaAemomrpa Qogn: 

. (reduced to) Kedrostis rosirata (Rottl.) Cogiu 
, . . ThladianfJia mlcarata C.B.Clarke 

(reduced to) BJnstankt Garcini {\j.) 

Corallocarpns conocarpus Bexixli. Kook.. 

V (reduced to) Blaslania fimhrisiijyula Jiotschy. 
... ,. (reduced to) Bisivnrea lotujhnsis ((.’.B.Olarke) 


The following species have been added : ^ ^ . , . . vt rn 

(FricJhOsanthes tric'U^ T. Lepiniana Cogn ; T. Thwaittsu Cogu.y 1. anaiinlciieusis rKHid., Oig/n 

Co<^n., T. cuspidata Lam., T. Perrottefiana Cogn., T. villosuh Blurne., T. brevibracfeata Kiindii., T. rnajuscula ivundii 
T^packyrrhacMs Kundu, T. J:hasiana Kimdii, Momordica macfophylla Gage,, Cydanthera pedata Sehrad. 
AUoxniira pubigera Prain? 
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Internal morphology 


In almost all the species of Cacurbitaceae the vascular bundles are bicollateral in structure. | 

These bundles are always separated from one another by broad stripes of ground tissue. In the 1 

herbaceous species a sclerenchymatous ring which is usually continuous is developed in the cortex ; ! 

in these forms the vascular bundles are also as a rule arranged in tw'o rings. The sieve tube occurs 
in the stem outside the florovascular system. A definite type of stoma does not appear in the order. i 

The hair covering consists of (a) simple unicellular or uniseriate structures, the base of which is 
sometimes surrounded by subsidary cells or (b) spiny trichomes or (c) shortly stalked glandular 
structures composed of few cells. Avery common feature of these order is the occurrence of < 



— I 

1 

ll ■ ■ 9 

cystolitli like structures whioh are found in the cells of the hairs and in the neighbouring cells, 

whether belonging to the epidermis or the mesophyll 

.. . LeaP' 

The leaf anatoiiiy opens out a very interesting chapter. The leaves of many species are pro- 
vided with peculiar glands for the exudation of waste products. In Lagenaria rndguris they are 
confined to the junction of the petiole and the blade and are bilaterally arranged. In C‘'U€UTbita 
the glands are club-shaped and are confined to the lower surface of the leaf, while in Ooecmia and 
Luffa they are oval shaped and are met with on the undersurface of the leaf. In a right-angular 
longitudinal section, these glands show a somewhat thickwalled superficial layer of cells enclosing 
a mass of reserve cells containing sugary solution. A mass of tissue, known as supply-tissue, surrounds 
the superficial layer of cells in which a number of tracheidal ends are projected symmetrically. These 
tracheides carry the exuding solution from down below to the leaf end ^ I 

Most of the species of Cucurbitaceae have devices for the exudation of surplus water which ! 

they absorb from the soil. Hydathodes and water-stomata are, therefore, of general occurrence | 

in many of the species. Sieve-like hydathodal systems have been observed by Chakra varty [1937] i 

in with pores all around. The genus Moniordica is however characterized 

by the presence of calcium carbonate and calcium oxalate iirthe form of cysloliths and crystals 
respectively. Anatomical studies [Chakra varty, 1937] of the mid-ribs of cucurbitaceae reveal ^ 

an interesting phylogenetic relationship of the different species from the evolutionary point of view 
if the reduction of the number of vascular bundles is considered the principle critarioii of e volution. 

The genus Trichmanthes seems to have a striking relationship with the genus Luffa. Of the 
two specie^ of TnchosantlieB anatomically studied, Trickosanthes anguina more closely 
resembles Luff a which has four vascular bundles arranged crosswise, the lowest being the largest | 

and topmost the smallest. From the standpoint of reduction of vascular hmidhs Trichosa^M 
dioica seems to have been derived from TrickosaMkes anguina^ the topmost bundle of the cross being 
absent in the former. Moreover, Trickosantkm anguina can still be found growing wild, while 
cJiosamthes dioica is never Tound in a wild state and has undergone wide cultivation. Of the two 
species of Luffa {L, acuMugida and L, aegyptiam), Liffa acutanguh seems to be the more primitive. 

Here the topmost bundle may be taken to be a compound one made up of two bundles. In 
Luffa aegyptiaca {L. cylmdnca) the topmost bundle is a perfect single whole and there seems to be a 
tendency of further reduction of the number of the two intermediate bundles. These two bundles 
are found joined in the proximal part of the mid-rib and may in course of time be fused and reduced 
to a single one. Momordica clmrantia seems to have been derived from MomonUm cocMnchinensis. 

The latter species contains five vascular bundles at the mid-ribs as against only four in the former 
at the base of the mid-rib coalascing eventually into a single bundle. 

Oucumis saMva Beems to be more primitive than Gueimvis melo ; of the four vascular bundles 
of the latter species, three at the top are on the verge of extinction. Loureiro [1790] in Ms Flora 
CochincMnen named Benincam Jdspida Cogn. *(jS. cerifera Savi) as CumrMia pepo Lour,, while 
Bliime [1826] in his Bidragen tot de mn Nede^iandsehdndie designated it as OucurbUa ferinosa Blume , 

Wallicli however in Ms Catalogue No, 6723 renamed it as CumrUta Impida wdiich from its 

external appearance seems to have much resemblance wdth It is remarkable that 

authors like Loureiro, Blume and Wallich placed Benincasa kispida as a species of Cucurbita, 
but the number of vascular bundles (seven) and their elliptical arrangement in pepo differ 

greatly from those of Benincasa Mspida which has four vascular bundles lying vertically in a straight 
line. This difference may be explained by the fact that each pair of bundles horizontally placed 
in the mid-rib of Cucurbita pepo, except the basal one which is the largest and fixed, approaches 

^Characters common in Bmmcasa and Cucurbita are : Large climbing herb, soft hairy tendrils 24 fid in Cu^ 
curUta, but 2-fid in Benincasa. Leaves cordate o-angular or lobed; petioles without glands. Flowers large 
yellow monoecious, all solitary without bracts- Male, calyx tube campanulate, lobes 5-iinear or foliaceous ; corolla 
campanulate 5 -lobed ; stamens 3 inserted in the calyx tpbe. Female, calyx and corolla as in the male ; ovary 
oblong ; ovules many horizontal j placcuitas 3, fruits fleshy, large, indehiscent ; seeds compressed? 
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oii <3 auothor aii<l finally fuses to fowii a single bundle with the result that there^are three bundles in 
a sti^aight iiiir* just above the basal one which corresponds with the armngement mBenmmsa hspida. 

uiay llierf'fore be rvgariled as an advanced fomi of 

The petiole of (hcin’lutaeeae contains isolated vascular bundles, These bundles are arranged 
i,n the forni of a horseslioe or a circle in transverse section, those of the large size having bicollateial 
structure, Tlie number of Itiindles varies both in the initial and characteristic regions, 


The stem 


The boot 


CYTOLoay 


T stem is characterized by the presence of bicollateral vascular bimdles in two rings and a 
eofitiniious strengthening ring in the cortex. The xylem contains vessels with very wide lumina and 
simple perforations. The phloem groups are composed of sieve tubes with wide lumina. The internal 
soft bast sometimes shows secondary thickening.' The outer cortex is built up of selerencliymatous 
ring consisting of prosenchyma tons elements. This ring of selerenchyma which is usually continuous 
and often has an undulating course in transverse sections of thc stem appears to be present in all the 
Jierl)aeeous members of the order which do not exhibit any considerable amount of growth in thickness, 
those species, on the otherhand, which form woody stem, the selereiichymatoiis ring is wanting, 
in this ease the mechanical support is afforded by the ring of wood. The formation of cork is 

rare. 


Some members of the order have roots with anomalous structure; for imtsLiioe, CuctirbU^^ 
by the occurrence of islands of soft bast situated in the wood and connected with the 
phloem of the axis, Cucurbitaceee mostly possesses a pith containing intraxylary groups 
soft bast which subsequently may become converted into inversely oriented vascular bundles. 


The cytology of the species belonging to OucurbitacejB seems not to have been sufficiently studied. 
Kirkwood [1907] and Kratzer [1918] who have investigated the development of embiyosac in a 
munber of species have arrived at the conclusion that the development of the embryosac is of the 
normal type. Banerjee and Das [1936] w'orking on Trkhosanthes dioica have also confirmed the 
findings of Kirwood and Kratzer* The magaspores differentiate out in the third layer of mother cells 
or are liypodermal in origin. Kirkw^ood [1907J wmrked out the process of pollen formation in Micram- 
p'lis alba and found that the process of chromosome conjugation w^as of the parasynaptic type, 
Strasburger [1910] W'orked on Bryorda alba with an idea to determine the sexual mechanism of the 
plant. Bmnicke [1911] studied the heterotypic cell divisions in Bryonia dioica. Later on Bryonia 
fUoka was re-investigated eytologically by Meiirman [1925] and Lindsay [1936]. Kozhucho'w’s 
[1925] investigations were mostly confined to somatic cells of a number of Ciicurbitaceous plants. 
He also <letermiued the chromosome numbers of the species he studied. Castetter [1926] described 
the mciosis in Cneiirbita pepo. He proved that cytokinesis takes place by furrowing in this jffant. 
Heimlich [1927] w'orked out the meiosis in Cucumis saiivus. Passmore [i930] has given a compre- 
hensive account of the process of pollen formation in Cucurhita pepo, Ckicurhita maxivui, CitniHus 
nilgariH, Lnffa aegyptiaca, Cucunns melo and Ctmmm satwvs. He found that the process of chromo- 
some conjugation is of the parasynaptic type in the family Cucurbitacge. Asana and Sutaria fl932] 
have given a general account of the pollen formation in Luffa aegyptiaca Sbiid also determined the 
clii'omoBoine juimber of some of species,* Sinoto [1928] has observed the presence of heteromorphic 
pair of chromosomes in TrkbomntheB japonka. But Lindsay [1936] and others have failed to find 
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any iLeterdciixomosoixic, in Bryonia dioicar . Gbroniosome numbers in a few species of Ciicurljitaceie 
are sbowii in TaMe Hi 


TABiE 11 

Vhromosunie numbers in a few species of CucurbkacecB 


Name of species 

Chronio- 

some 

ntimber 

(n) 

Ileported by 

Meiollma punctata. Cogn. . . . . . , . . ! 

V2 

' ■ ■' 

MeKav 

Meiothrm abyssiiiica . . . . . . . . ' 

12 

Mi'Kav 

Mo7mrdi<xi haUamina JJim* , . . , . , . j 

11 

MeKav 

Luffa mgyptiaGa MilL , . , , , . , . | 

n 

and i^issiiiore 

EcbaUium Elaterkmi A. Rleli. 

12 

AleKav 

Gitridlus colocyfialhis . . . . . . . j 

’ 11 1 

Kozhiikhow, Passmore, Whitaker 

Ciicmiismynomrpuslsicxid. , , . . . , . 1 

s n 

AleKay 

Cucuitm Mdoluiim* . , , , , . . , . i 

^ 12 

Fassinoi’e, Kozlnikhow and 'Me,Ray 

BeyiinGasa JmpiilaQogn, . , . . . . . . J 

■ , 12 . i 

IMeK'ay 

Gucurbita maxima . . . . . . . i 

^ 20 ! 

Castetter and Passmore 

Gucurbita Fepo Linn. . . , . , . . . | 

20 s 

Luiidegarth 

Gyckmthera pcdata Schrach . . . , . . . ! 

. 16 ! 

Ale Kay 

Tr iQJwsanthGsdioica lloxb. . . . . . . . J 

II ; 

Baiierji and Das 

TrichosimtlmsAngidyia hhm, , . , . . . . i 

n ; 

Baiierji and Das 


ArFINiTIES AJS’I) SYSTEMATO 

There is a great deal of controversy as to the systematic position of this family: Hitherto^ (jacur- 
bitacea has been by an universal consent arranged among families with, one-celled ovary and parietal 
placeiitaj but It is difficult to agree with it, if the explanation about the formation of pepo as discussed 
before be found correct, since in the fruit, we have a peculiarity of structure by which the family is 
separated from every other known order of the vegetable kingdom. Lindley (1836) places it in liis 
Bpjgynous group amongst a suit of orders possessing axile placmitation, ^ b distinguished the 
Cticurbitaceae by possession sinuous stamens, unisexual flowers and exaibuminous seeds* Endliclier 
(ex Wight, 1860) places it between Begoniacece and Passifloraceaj, the affinities of wliicli have not been 
clearly understood. The very intimate union of the calyx and corolla which led Jussieu (1789) to view 
the flowers as apetalous and to range the order under his class Apetahe, is a point of structure which 
cannot be overlooked in determining the affinities. Wight [1860] thinks that though Jussieirs viev’ 
on this point is essentially incorrect yet it suggests a relationship with Euphorbiaoem in some striking 
points. As a family, Cucurbitacere is distinguished from all others by its stamens Init more especially 
the anthers, the ceils of which in most cases are very long, winding upwards ami downwards on the 
external surface of the connective. The structure of the anther, conilxined vith the construction of 
the ovary and fruit, the luilflt of the plants and lateral tendrills, widely separates this family from 
any othm' families in the vegetable kingdom. Various attempts have, however, been made to find 
associates near which it may be placed in the system of the plants. Of the families thus selected 
as relations, some have superior and so,me inferior fruits and some albuminous and some exaibuminous 
seeds. The groxiping of Cucurbitace^e in Epigynose, as clone by Lindley, is untenable because the 
other relative groups are distinguished by one-seeded ovary ; but as a set-olf against this disadvan- 
tage, he constructs the alliance of these groups having parietal placenta. 

The botanists of the old school like Robert Brown, de Candolle and Naudin placed Cucurbitaceae 
with Passiflorace^e among perigynoiis polypetalous families and this view was supported by Benthum 
and Hooker. Eichler [1875-78] placed it as an appendage to his series Campanulinese next to the 
family Campanulacesc. In support he advanced arguments that tlie family possesses typically 
epigynous and pcntamerous floweri^ and that it has the tendency of \miun of stamens and that the calyx 
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wliicii tliougli narrow is often foliaceons in nature. Engler [1916, 1936] while supporting the view 
advocated by Eichlerj has placed the family by itself in a series Cuoiirbitales next to the series Cain- 
panulales. Fairly sounder reasons may, however, be put forward in support of the older view^ The 
structure of the ovule with a large persistent nucelltis, and extensive tapetal tissue and two distinct 
iiitegunieiits, is a difficult obstacle to overcome and gives it a position amongst the typical sympetalous 
families, but it seems to find a suitable association with Passifloracese and the allied families. In 
I these families there is a tendency of inferior ovary and union of the members of the corolla. Rendle 

[1938] accepted the position suggested by Hallier [1905] and places Cucurbitace^e with Begoniacese and 
next to Pa,ssifioracea^. Vuillemin [1923] has, however, opined that Cucurbitaceee must be relegated 
' to the apetalous group of orders and hence he has classed them with Balanophoraceac, Rafflesiacese, 

Datiscacea\, Nepanthaeeas and Aristolocliiacem. He considers them as apetalous and thinks the corolla 
j is nothing but the iimer whorl of the calyx; 

j The writer is inclined towards the older view of Robert Brown, de Candolle and others as supp^^^^ 

I by Bentham and Hooker and he is of opinion that apart from other convsiderations, the evolution of 

I imisexuality from hermaphrodity leads Cucurbitaceae to a place between Passifloracea^ in which the 

bisexuality of the reproductive mechanism tends towards the unisexuality and Begomacecs in which 
the unisexiiality is a dominant factor. The remnants of hermaphrodity with rudimentary stamens in 
female flowers and rudimentary ovary in the male are still present in a number of genera like Citndlus, 
Kedrosiis, GoraUocarpus, Zanmiia, Brgonojms, Li/ffay Mo^nonlica, Ooednia, etc. 

Medicinal PEOPKRTiES 

Various important medicinal properties are attributed to different members of this family. 

I Some are bitter and some are endowed with aperient properties of remarkable potency. 

I Active principle, however, varies with different plants and even with their different parts. It 

J is mild in the root of some and the leaves of the young shoots of others but is greatest in the pulp 

surrounding the seed. The seed however is free in this respect. There is a reason to believe that 
some at least, if not all the edible varieties, owe their freedom from this property to cultivation, as 
some of them in the wild state are found to possess it in great intensity. The Lagenaria vulgaris or 
bottle gourd may be cited as an example. It has been recorded that some sailors were poisoned by 
drinking beer that had been standing in a flask made of one of these gourds, Royle (ex Wight, 1850) 
also mentions a somewhat similar case in which symptoms of cholera were induced by eating the bitter 
pulp. These poisonous properties are, however, attributed to the bitter or wild variety of Lagenaria^ 
vulgaris. The cultivated gourd is quite a wholesome article of food with absolutely no bitter principle 
in it. The fruits of many of the species of CucunviSy to which melon and cucuml)er belong, are 
powerfully cathartic ; of these C. HardwicJdi and 0, pseudocolocyntJies are worthy of notice. Even the 
cucumber, especially the less cultivated varieties in this country, is sometimes known to prove strongly 
aperient in susceptible constitutions. Citrallus colocgntJies which yield colocynth is one of the most 
valuable medicinal plants. 

The fruits of some species of Luffa are violently cathartic such as L. ecMnata of Rox* 
burgh, while those of L. acutanguh are a wholesome pot herb. Some of the species of Bryonia, 
especially B. alba and B. dioicay have the cathartic properties of the family. Curiously enough, the 
juice of the root is strongly cathartic and is often employed as such while the young fruits are so free 
from the property that they are usedab a pot herb and greatly resemble asparagus in flavour. The 
purgative properties of the root have long been known as being equal in power even when dried 
and powdered to jalap and when fresh much more so. But of all those yet mentioned none approach 
the Ehteriuni in the concentrated virulence of this quality ; a few grains of the pulp are known to 
bring about symptoms of poisoning immediately. 

Such being the predominating quality of the family, it is wise to be cautious in the use of even 
the best known. Many however are in use as pot herbs. Among these may be mentioned the red 
gourd Cucurbita maxima (C. hispida Anist.), the boiled pulp of which somewhat resembles in taste a 
fine tender carrot. The water melon Citndlus vulgaris is so highly esteemed because of the cool refresh- 
ing juice of its large fruit. The white gourd (Benvmasa hispida) is sometimes presented at marriage 
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feasts as a token of good iiick.to the wedded pair;' The vegetable marrow (Gmtimis ovifera) is one' of 
the finest ciilinary vegetables. 

All the numerous cultivated varieties of melons and cucumbers are known to i>e wholesoixie. 
Some of the Indian species of seem equally safe. The fruits of several species of Tnckosmi- 

iheSy especially those of T. anguwa and T. dmm, are in daily use, hut thos^' of T. pahmiu are considered 
poisonous. Cocmma tndmi (Momordica momdelpha Eoxb. or Cephalandta hidim- Xaud.) is a counnoii 
vegetable eaten by tlie poorer (.‘lasses and its ripe fruits seem to atloid a ihvourite repast to raany 
birds. Notwithstanding the draw-backs mentioned above, this is certainly a most useful family of 
plants owing to the great size of the fruits and large quantity of nutritious matter available in the 
edible varieties which, on that account, are largely cultivated in every part of India. The other 
\^arieties, although unfit foi' Iminan consumption as such, are sources of many useful drugs and medi- 
cines. Nevertheless, sufficient caution must always Ijc exercised in tlxeir use to guard against tlie 
evil effects which may ensue. 

DESCRIPTION 

Juss 

(JucurbitaceoB Juss. Genera, p. 39J ; Ser. in Mem. Soc. phys. Geneve, 3, part 1, p. 1 and in DC. 
Prodr. Ss p. 292 ; Spach. Vcg. plian. 6, p. 183: Schrad. Reliq. in Liima^a, 12, p. 401 ; Aruin. Hook. 
Jour, of Bot. 3j ].). 271 : Wight in Ann. and Mag. of Nat. Hist. 8, p. 260 : Lindl. Veg. Kingd. 3,, p, 311 ; 
Naud. in Ann. Sc. nat., Ser. 4, p. 16, p. 45, Ser. 5, p. 5, p. 26 ; Harv. and Sond. FL Cap., 2, p. 482 ; 
Benth. & Hook. Gen. PIaj}t>. 1, p, 816 ; Hook. f. in Oliv. FI. trop. Afr. 2, p- 521 ; Cogii. in Mart. FI. 

Brass., fasc. 78, p* 1 ; Clarke in Hook. FI. Brit. Ind., 2, .p. 604. 

General character 

Scandent or prostrate herbs or shrubs with watery juice, often scabrid ; tendrils mostly present, 

solitary, lateral, spirally coiled: simple or divided. Leaves alternate, petioled, fre(piently cordate, 

simple lobed or pedately divided. Flowers unisexual moncecioiis or dioecious very rarely hermaphro- 
dite, a(‘4inoniorphic, yellow or white; inflorescence, racemed or solitary, less commonly panicled. 
Male flower : calyx tubular, lobes imbricate or open ; limb rotate canlpanulate or tubular ; sepals 5 
(rarely 3); corolla polypetalous or gamopetaloua lobes inibricate or indiiplicate-valvate, FeiMs 5 
inserted at the mouth of about the middle or at the base of calyx tul)e, usually 3 (sonietinies 5 or 2)4 
Stamens free or variously united mostly 3 rarely 1-5. One anther always 1 -celled, the others 2-oell0d , 
cells often straight or curved, flexiious or conduplicate, connective sometimes crested or produced 
beyond. Staminodes usually not present. Female flower: Calyx# and Coralla as in the male* 
Ovary inferior (in Aetmostenmia ^ inferior) or very rarely free, uiiicarpellary but Msely tricarpellary 
(due to projection of the parietal placenta towards the middle). Placentas often 3, parietal but 
often meeting in the middle. Style with 3 stigmas, more rarely styles 2-3-4. Ovules many arranged 
towards the ovarian cells, horizontal, rarely pendulous, sometimes few and pendulous near the top of 
the ovary (in Diccelospermimi 3, erect from the base of the ovary). Fruit generally a berry or fleshy 
pepo, indeliiscent or dehiscent by valves or by a stopple often l-celled, the seeds being often packed 
with pulp or fibre. Seeds usually many often compressed, without endosperm, horizontal, pendulous 
(or in IDicaelospernmm erect) frequently corrugated or subspinose on the margins. On germination, 
cotyledons appear above ground as the first green leaves of the plants. li\ GucmUia the escape of the 
cotyledon from the seeds is helped by development of a peg upon the lower side of the hypocotyl by 
which the lower half of the testa is pressed to the ground, while the upper half is raised by the growth 
of the plumule. 

Diagnostic char acUns 

Tendril climbers. Leaves simple, alternate, palmately lobed, Flowers actlononiorpliic, unisexual 
monoecious or dioecious. Sepals 5, plysepalous, petals 5, gamopetalous. Stamens 3-5 united in 
pairs, odd one being free. Anthers free or syngenesioms. Ovary inferior, trilocular with parietal 
placentatioii. Fruit a pepo or a gourd. 



A. Ovuieti lu)rizontaI or rarely peiKlulous ; female flowers usually solitary, 
never panieled ; leaves never divided into distinct leaflets 
li Anther cells flex uous or conduplieate 

C. Corolla o>partite to the base, 5-petalous 
D* Petals fimbriate at their margins 

E. Ovules 12, perfect, seeds usually 6, each with an abortive seed 
attached to its side ; calyx tuba 34 in. long 

EE. Ovules and seeds very numerous ; calyx tube less than 3 in, 
long, . ■ . . ^ • 

Dl). }\4als entire 

E. Calyx tube of the male flower elongate ; stamens inserted with- 
in and inchided in the calyx tube or nearly so 

F. Seeds many horiisonta I ; tendrils rarely divided 

FF. Seeds many liorizontaL Tendrils 2-3 fid ; petiole with- 
out gland . . ... 

FFF. Eeods many. Tendrils divided ; stigma two lobed ; 

petiole with two glands at apex • . 

FFFF. Seeds 12-18 pendulous . v . . , 

EE- Calyx tube of the male flowers short 

F. Staniens inserted at the mouth of the calyx ; filaments exerted 

anthers free 

G. Fruit dry endoearp fibrous, opening by a stopple ; male 
flowers partly in raceme . . . 

(flic Fruit soft, endoearp fleshy, indebiscent ; male and female 
flowers alike, solitary . 

FF. )Stamcns inserted below the mouth of the calyx tube ; an- 
thers more or less cohering 

G. Calyx with 2-3 scales at its base ; male flowers with usually 
a largo enveloping bract ; tendrils simple ; leaves with 
l^eculiar eystoiiths in the undersurface . . . . ! 

GG. Calyx witlj^jut scales at the base ; male flower with two 
enveloping bract 

H, Connective produced beyond the anther cells ; tendrils 
■ ■ ■ .. simple" >■ . ■■■ 

HH, Connective not produced ; tendrils 2-3 fld 
CCl Corolla campanulate, not divided more than half way down 

'D. Flow'ers wdute ; tcuidriJa . , . , . , 

yellow; tendrils divided . . . . . * - 

straight (or in Bryonia slightly curved) 

± Knvers large deep yellow, male almost racemose 

D. Calyx tube short ; seeds innumerable . . , . , J 

DD. Calyx tube elongate ; seeds 3-9 . * . . . . ] 

Flowers not large, yellow, male racemose or pedicles not stout 

D. Male and female pedicle alike one flowered, clustered ; tendrils 

bifid , . , , . . . . , . , J 

DD, Male flowers cymose or subumbeliate or raeemed 

E. Bracts non-ciliated if any ■ 

F, Fruit not circmucise 

G. Fruit on a carpellary peduncle ; connective produced . 1 

GG. Fruit sessile and beaked ... . . . 1 

GGG. Fruit subsessile indebiscent , . . . . 1 

FF. Fruit circumcise, near the base 5 

EE. Ciliate bracts, resembling stipules at the base of the petiole , 2 


1 . Hodgsonia 

2 . Trichoeantlm 


. Gymnvpdalmi 

Bimixirea 

Lagenaria 
Eeri)cto$penfi urn 




Bmincma 


Momordic/i 


4 Caciimis 
CitrulliM 

4 Cocemia 
. Cucurbitu 


Thhdktniha 

Edgciria 

Bryonojuu 


Mdothria 

Kedrodis 

Ceramocarpum. 

CorallocuppM 

Bhadmia 


Key to the tkIbe 

A. Ovules hori^bntai (of pendulous); i^inaie flowers usually solitai'y; 
iievei* paiiicied. Leaves not divided into distinct leaflets (except 
TMely m Tldaddmidm) . ... . . . . • Cticumerinete 

AX, Ot { lies and seeds erect . • - * .• • : Orthospermece 

AAA. Ovules ixmdulbus. Flowers slnall, the feinalcs in panicles aM 

flowered raceines. ^tainens o each with a single small straight ahtliet . ^anbniere 

itEY TO genera 

L Tribe — Guemnerineab, 
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STUDIES ON INDIAN CUCURBITACEAE 


1 .) 


II , Tnhe---Orthosperm^^^^^ 

'■ A A.; ' Oviiles erect or asceiidmg' 

B. Stamens' 3,. free, inserted on the' calyx tube ■. ■ * .22. Dkadosperniw 

BB. Stamens united in a central column, tllft luentg short . . . 2$. OpdaMem. 

II L Trifte—Zammeae 

0 

AAx4. Ovules jiendulous, Flowers small, the females in panicles or many 
flowered racemes. Stamens 5, free, each with single small straight 
anther 

B. Leaves not divided into separate leaflets 

0.',, : Fruit small circumcise ; leaves serrate . ■ . . . ■ . . 24. AdinodeMw/t- 

CO. Fruit long cia,vate leaves 'subentire , , . . . ' . ' . . . 25. ?jimnm 

BB. Leaves pedately divided into 3-5 leaflets 

0. Fruit trigonous obovoid ; leaflets serrate. Tendrils bifid . . 2(). Gonipkogyne 

00. Fruit peadike ; leaflets serrate ; tendrils simple . . . . 21. ihpiostmima 

000. Fruit elongate ciavate ; leaflets entire ; tendrils simple or 2*fKl . 2B. Almnitm 

1. Hodgsoma 

Hodgsonia Hook. f. & Thoms, in Proc. Linn. Soc. (1853) 257 ; Hook. 1. lllustr. of Him. PL, tab. 
1-3 ; Naud. in FI. des Serres, 12, p. 153 ; Berith. et Hook. Gen., 1, p. 821 ; Clarke in Hook. f. FI. 
Brit. Ind. 3, p, 606. 

A large climbing shrub. Leaves coriaceous 3-5 lobed ; tendrils often 2-3 fid. Flowers large 
dioecious. Inflorescence — .staminate flowers, racemose, long ; bracts ol)long entire, deciduous ; 
pistillate flowers solitary. JtlfiJe fimcers ; calyx tube elongate, mouth shortly campanulate, limbs 
pentagonus, short. .Corolla rotate, 5-partite. connate at the base, segments olunmeate truncate, 
very long, fimbriate. Stamen.s 3, fllaments inconspicuous \ antliers cxertrsl, connate, linoi, one L 
celled, the other two 2-celled, cells conduplicate. Female flmtiers:. .solitary. Calyx and corolla as in 
the male. Ovary globose one-locular ; style long, stigmas 3-lobed, lobe.s 2-fid exerted. Ovules 12, 
placenta 3, parietal with pair of ovules, attached on each side, horizontal, fruit large depres.sed glo- 
bular, 12 grooved, flesh hard ; perfect seeds usually six each having a rudimentary or barren seed 
attached to its side, seeds flat ellipsoid. 

Hodgsonia heteroclita H.f. & '1'. 1. c. ; Kurz. in .Tourn. As. Soc. 1877, pt. ii ; Hk. f. 111. Ire, 
Hiraal. PL t. 1, 23 ; Tr{e}iasantlm!< heteroidUa iioxh. FI Ind. iii 705 ; T. grandi flora, Wall. Cat. 6685 
not of Blame. 

Vem. (?ook.s (Sylhet).:, 

Stem extending up to 100 ft. Leaves alternate petiolate, 3-5 lobed, 3-5 nerved smooth on both 
sides, lobes entire, oblong or triangularly ovate, acuminate. Petioles .shorter than the leaves, nearly 
round, reddish and smooth. Stipules' solitary subaxillaiy, thick short, conical, coloured. Male 
flcnvers : racemes deep brown, axillary, about the length of the leaves, bearing several alternate, 
subsessile, very large flowers near the apex. Bracts solitary, oblong acute thick and firm, about ^ 
inch in length. Caly.x often rusty-pubescent outside, tube 2-3 by | in. Corolla 5-partite in- 
serted at the mouth of the calyx ; segments subcordate, retuse with an acute point at, the centre, 
corolla lobes 2 in., brown, villous, 3 nerved outside, white tinged with yellow inside. Stamens three 
arising from the mouth of the calyx tube ; anthers united forming a broad inverted cone ; variously 
grooved. Female flowers : calyx' and corolla as in the male. Ovary inferior, broad cordate, deep 
brown, one-celled containing .six pairs of ovules attached to the base of the parietal placentas. Style 
as long as the calyx tube and adhering to it, except on the base and apex. Stigma large three lobed ; 
lobes emermnate.' Berrv spheroidal, somewhat villous, apex sometimes pointed, about 5-6 inches m 
diameter Aen dry, brittle, one-celled. Mature seeds 6 ; seeds 2-3 by li- in. convex or (urcular on the 
exterior edge, apex rounded and the base le.ss so, the abortive seeds much smaller, but of the same 
form. Erabroyo erect. Cotyledons thick firm, white, Plumule of two unef|ual lobes. Radicle 
conical, Flowers Pecember to August, 
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Habitat 

Sikkim ; alt. 0-4,000 ft. ; Assam. Khasia Mte. alt. up to 3,000 ft. East Bengal and Chittagong : 

Pegu Martaban ; Kurz. Pinang and Malacca. 

Oceurrenee . 

A n«ative of tlie eastern parts of Bengal and Assam. From Sylliet Mr Eobertkitli Dick, the 

Judge of that district, sent plants to the Royal Botanic Garden, Calcutta, in 1805 where they blossom- 
ed during the greater part of the year and ripened in October. They grew to great lengths and 

remained ali%’e for a number of years. 

Sikkim Himalaya . . . Sikkim 1 - 5,000 ft.. Coll. J. D. Hooker ; Lot valleys below Darjeeling 2,000 ft,. 

July 1862, Coil. T. Anderson M. D. ; Baiasnn, Sikkim, 21-4-57. 

Assam . . . . . Heiio'inll, N. E. of Lungleli, 3,700 ft., S. Lxisiiai Hills April 3, 1899, Coll. A. T. 

Gage; Dibrugarli bazar 18-11-11, Abor Expedition I. H. Burkill ; Aimamura, 
Coll. Dewar ; Tingali Bam Jungle, March 1899, Dr. Brain’s collector^ Poho- 
mnkb, 15-12-11, Abor Expedition, Coll. J. H. Burkill; Bajabari, 13 April, 
collected by Beporter on Economic Products, Gorernment of India ; Eliekia- 
jiili jungle, April 1902, Coll. A. C. Chatter jee ; Golaghat. 1891, Dr. King’s 
collector; Nazira 250 ft., Sibsagar, Coll. C. B. Clarke ; Biknee 2,000 it., 
Khasia and Jaintia Hills, 1878, Coll. Geo. Gallatly ; Khasia 1-4,000 ft., Coll. 
J. D. Hooker and T. Thomson. 

Bm*nm . . . . . Phimedal hills 3,000 ft., above the village, Pegu, Coll. S. Kurz ; Choungmenahchg, 

ColLS. Kurz; Kachin Hills, 1,300.2,00<} ft., 28-3-97, Coll. E. Pottinger B.A. 

Wall Cat. . . . . Wall. Cat. 6684 B, Sylhet ; Wall Cat. 6685, Penang ; Wall. Cat. 6684 A, Goalpara 

(Assam) ; Royal Bot. Garden, Calcutta, Wall. Oat. 6684 C. 

Bengal . . . . . Bangamati, Chittagong Hill Tracts, 1876 ; Coll. J. L. Lister. 

Malay Peninsula . . . Setolanjet, Sumatra, 5th Aug., 1921 ; Kaula Manis Kelantan, 5th February 

1923 ; Laurut, Perak, 100-500 ft., 1883, Coll. Dr. King’s collector ; Batu 
Togh, 200 ft., Perak; Malay, A. 0. Maingay; Perak, Coll. Bev. Father Seor- 
• techini ; Thujung, March 1884, Bev. B. Seorteehini. 


Bm*nm . . 

Wall Cat. . 

Bengal . 

Malav Peninsula 


2. Tnehosanthes 

TnchosaniJies Linn. C4eiL p, 295; Eeick. Gen. p. 503; Thunb. FI. Jap. p. 322: Juss. Gen. 
p. 396 ; Lour. FI. Cocliinch. p. 588 ; Willd. Spec. 4, p. 598 ; Blume Bijdr. p. 932 ; Ser. in DC. Prodr. 
3,j). 3131 ; Roxb. FI. Iiid. 3, p. 701 ; Wight et Arn. Prodr. 1, p. 349 ; Meisn. Gen. p. 127 (91) ; Spach 
veg. phan. 6, p, 192 ; Schrad. Eeliq, in Linn. 12, p. 405 ; Endl. Gen. p. 939 ; Arn. in Hook. Journ. 
of Bot. 3s p. 277 ; Wight in Ann. and Mag. of Nat. Hist. 8, p. 269 : Diich. in Orb. Diet. 12, p. 658 ; 
Miq. FI. Ind. Bat. 1, part 1, p. 674 ; Naiid. in Ann. sc. Nat. ser. 4, p. 18, p. 188 ; Benth. et Hook. 
Gen. Plant 1, p. 821 ; C.B. Clarke in Hook. f. FI. Brit. Ind. 2, p. 606. — Angiiina Micheli Nov. plant. 
Gen. p, 12, tab. 9 (1729). — Poppya Rumph. Herb. Amb. 5* p. 414 (1747) ; Neck. Elern. 1, p. 241 
(non Roem.). — Ciicumeroides Gartn. Fruct. 2, p. 485 (1791). — Involueraria Ser, in Mem. Soc. phys. 
t^eneve, 3, part 1, p. 25, tab. 5 (1825) et in DC. Prodr, 3, p. 318 ; C4. Don Gen. syst. 3, p. 42 ; ]\[eisn. 
Gen. p. 127 (91) ; Roem. Syn. fasc. 2, p. 97. 

Scandent herbs. Leaves entire or 3-9 lobed, denticulate ; tendrils single or 2-5 fid. Flowers 
dioecious, sometimes monoecious, white. Male flotvers : usually racemose (rarely solitary), often 
bracteolate, calyx tube cylindric, dialated above, 5-lobed. C’orolla 5-lobed ; lobes long, fimbriate. 
Stamens 3, inserted in the calyx tube ; filaments very short ; anthers almost included, connate (free 
in Trickosanihes cUoica) one 1-celled, the others 2-celled the cells conduplicate ; connective narrow not 
produced. Rudimentary ovaries 3, filiform. Female foivers : solitary, calyx and corolla as in the 
male. Staminodes o. Ovary inferior, ovoid or fusiform, 1-celled, placentas 3, parietal ; ovules vei*v 
many, horizontal or semi-pendulous ; style slender stigmas 3, entire or bifid. Fruit fleshy, globose, 
ovoid or fusiform, indehiscent. many seeded, usuf’”v smooth and glabrous. Seeds packed in pulp, 
ellipsoid, sometimes angular. 

Ilahitat 

Tropical Asia, N. Australia, Polynesia ; Species 40 , 
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I. Male flowers in racemes 

A. Seeds mucli compressed, sometimes oblong, nonbelted 

B. , Leaves entire 

C. Male raceiiies few flowered calyjs: teeth short . , , . 1. T,mrmfolm' 

CC. Male racemes many flowered calyx teeth long . . . . 2,T.mspidam 

BB. Leaves lobed 

G. Male racemes ebracteate . . , . . . , .3. T.cmummm 

CC. Male recemes with minute bracts 

D. Pedicels of the flowers much shorter than flowers 

E. Fruits very long twisted . . . . . . , 4. T, Anguinu 

EE. Fruit ovoid ellipsoid . . . , . . .5. T, pachyrrhachu 

EEE. Fruit small o\"ate acute, leaves small . , . . Q. T,brevibracteata 

DD.. Pedicles of the flowers long 

E. Leaves glabrous on both sides * . . . . .7. T , PerroUetiana 

EE. Leaves lower surface densely villose . . • . . S. T^ villomla 

GOG. Male racemes with large bracts 

D. Leaves at base truncate or narrowed 

E. Leaves ovate oblong bracts petiolate oblong lanceolate • 9» T,trunmta 

EE. Leaves broadly ovate, bracts sessile ovate , . . . 10, T^ ovata 

DB. Leaves at base deeply cordate 

E. Female flowers solitary, ebracteate 

F. Calyx segments entire 

G. Leaves entire, ovate triangular ; bracts entire . . ll,T,cordata 

GG. Leaves shortly lobed ; bracts crenate or incised 

H. Leaves not hairy on the upper surface . . . 12, T. Wallichiam 

HH. Leaves hairy at nerves on upper surface 

L Leaves large 5-lobed , . . . . .13. T, majmcula 

II. Leaves small, 9-15 lobed ... • . 14. T, khmiana 

* FF. Calyx segments dentate or laeinate 

G. Bracts oblong lanceolate subentire . . . • 15. T, iricuspidata 

GG . Bracts broad, dentate or incised 

H. Calyx segments shortly dentate . , . . l^,T, pvhera (hracteata) 

HH. Calyx segments deeply 3-5 lobed . . . * 17. T. Lepiniana 

EE. Female flowers racemose, bracteate . • • • • IZ, T , aimimlaimsia 

AA. Seeds turgid with thick longitudinal belts 

B. Leaves deeply triiobed . . . # • • . . 10. T, Mfmhnsu 

BB. Leaves entice . . . • . • • * • • 20, T. dkuQhBpcrmum 


II, Male mid female flower soUtar If 

A. Leaves at base cordate, margin-dentate 

B. Leaves cordate, ovate oblong ; petals fimbriate • > • • 21, T, dioica 

BB. Leaves reniform ; petals entire or laeinate * • • • • 22. T, integrifolm 

AA. Leaves at base round, margin entire . . . . . , 2Z, T.Thwaitmi 

1. TWeJ^osaMi/tes «e»*w*/oKa Linn. sp. PL 1008 ; Tric}wsantlmcmpidataTumik.‘,^iim.Cey\, 
8, 244; Vein.: Hind. Parvar, Paml; limg. Potol \ 'lam. Ko^nbu-puMai ; Tl. Kunmu-potta ; 
Kan. Podia Kayi. 

Perennial ; stems twining glabrous somewhat woody below, much branched ; branches slender, 
striate, glabrous dioecious. Tendrils 2-fid, glabrous. Leaves entire 2-4 by 1-2| in. ovate oblong 
(not lobed), acute, mucronate, the margins minutely and remotely denticulate, glabrous on both 
Y surfaces, dark green above, paler beneath, base cordate ; main nerves 3, from the base, the two lateral 

onei»not quite reaching the apex, with strong secondary nerves on the outside, the lowest pair of 
s*- * secondary nerves conspicuously Lanching into the basal lobes of the leaves at either side of the 

sinus ; petiole ^-1 in. long. Male flowers : in axillary 4-10 flowered corymbose racemes ; peduncles 
slender, sulcats, l-2i in. long ; petioles in. long ; bracts minute caducous. Calyx tube puberul- 
ous, f-li in. long., very narrow, about | in. wide at the mouth and jV middle ; teeth 

short linear, acute in. long. Petals ovate-ohlong, acute,. fimbrise at the apex much branched 
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and ijmcli longcM tUaii tlic blade of tlie petal. Female flowers: axillary, solitary, on both, peduncles, 
(alvx tiilK' neaiiy ’2 ill. long, nuicli produced above the ovar}% Fruit 1|“3 in. long, ellipsoid, shortly 
beaked typtn’ing t<; bol, li ends, green witli vliite lines when immature, vscarlet when ripe ; pericarp 
thin. Seeds .seini-elli|)>soid g-1 in. long, coinpresscd, thickened at the inargiiis each enclosed in an 
envelope of scarlet pul]>, I-^lowers Nov^ember to December. 

Habitat ' 

Deccan Peninsula ; Quilon, Wight ; Coorg (tropial region), G. Thomson ; Ceylon, not uncommon 
up to' 5,000 ft., Thwaites. 

The species is restricted principally to Peninsular India and Ceylon, even there it is not very 
• ■widely distributed..' 

Malid}mlm€s 

The inedicinal properties of this species are allied to that of Triolmtathes diowa. 


Occurrence 
I^iimsular India 


Ivavalay Cochin 2,000 ft., Xovemher 1910, Coll. A. Meebold ; Nilgiri, Coil. 
0. Thomson ; Astoli, Belganm Dist., Xov. 21, 1889, Coll- W. A. Talbot.' 




2 . '’Friefmsmtthes’ cuspMuta Limu JEncyel 1,188; Meth. But. l,p. 188 ; Cognaiaux (1881), 
p, 357. Bor, in DC. Prodr. 85 p. 314 ; W, & Arii. Prodr. 1 , p. 349; Roem. Syn. fasc. 3* p. 93 ; 
Bhecd. Hort. Jilakb, 89 p. 31, tab. 10 ; T, amilaia Willd, sp. pi. 4j p. 600. 

Steni Blender, elongate, biunched, chaimel^^^^^ glabrous, smooth. Petiole slender, furrowed, 
glabrous 1-1 cm. long. Leaves upper surface deep green, lower surface pale green, 8-10 cm. kng, 
4-5 cm. broad base b-nerx^Kl ; veins not prominent, lower proininent and thinly reticulate ; lobes 
at lie base broadly lound, 1 cm. deep. Tendril delicate, short, furrowed, glabrous bifid. Common 
male pedimclo slender, furrowed, glabrous. Male racemes many flowered. Flowers at the base 
almost continuous, 4-7 rnm. ; braeteole about | mm. long. Calyx tube filiform, apex dilated, 12-14 
mm. long, apex 11 mim and middle |--i mni, broad ; teeth erect "2-2|- mm. long. Staminal filaments 
4 mm. Jong, anther hard oblong linear, 34 mm. long, 1 mm. broad. Fruit glabrous, smooth turbinate- 
ovate, apex long appendiculate. • * 


MabiM 

In Eastern India at Quilon (Wight n. 1136 in Herb. Kew. deless, Hort Petrot., Vindar). From 
Cogniaux Cucurbita p. 367. 

3. Trichosanthes eiwimienna Linn. Sp. pL 1008, Roxb. FI. Ind. iii 702 ; Wall. Cat. 6190 
A.B.C.D. E. ; Blume Bijcl 933 ; Dalz. & Gibs. Bomb. FI. 102 ; Miq. FI. Ind. Bat. i, pt. i 676 ; Naud. in 
Ann. Sc. Nat. Ser. 4, xviii 191 ; Kurz in Journ. As. Soc. 1877, pt. ii, 98. Trichosanthes lobata Roxb. 
TJacimosa Klein in Herb. Bottler; Bri/oma umbelhta Wall. Cat. 66770 D ; Gucumis Missonis 
Wall. Cat, 6728 ; Trichosanthes rmiformis Miq. 

Vern. Sans. PatoU ; Beng. BonckicMnga, banpatol ; Hind. JanglFchikanda ; N. W. F. Jangli 
chchnda, bmipaiol, kandori ; Pb. Ban-goal kakri, Moaahin ; Bomb, pan parul, jangli padavala, Kadii- 
padavala ; Mar. Ranackapadavali, Kailupeimala, peypwal, pedel ; Tel. Adcwipatla, Chedupotla, pato- 
lame; Kan. Beitadu-padavala ; Malay. Kaippam-patolam ; Burma. Topelemnoye. 

A pretty extensive climbing annual dioecious or moncecious ; stamens 12-15 ft. long, sleflder, 
furrowed slightly hairy, subglabrous, leafy. Tendrils 2-3 (usually 3 ) fid. Leaves 2-3 in. 

. long, usually little broader than long, orbicular-reniform or broadly ovate, distantly denticulate, 
more or less- deeply 6 or less deeply 5 (rarely 3-7) lobed, the lobes broad, acute, glabrous or nearly so 
above, more or less pubescent, or -vYhen old, sornetimes scabrid beneath, base deeply cordate the sinus 
often subrectangular ; petioles 1-3 in; long, striate, pubescent. Male flowers in axillary racemes with 
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sometimes a solitary male flower from tie same axil as tie raceme ; pedimeles of tlie racemes 2-6 in. 
long, slender, striate bearing 8-15 flowers near the apex ; pedkeLs pubenilous, J-J in. long : bracts 0, 
Cilyx tube dilated at tie apex, f-1 inJoiig, about I in. wide at the niotitli : teeth sioi t a<*ute]y trian- 
gular. Petals white f in. long, lanceolate oblong, laeiniate at tie apex. Female flowers axillary, 
solitary or occasionally a female flower in the same axil as the male peduncle ; peduncles of female 
flowers I'-f in. long. Fruit 1-3 in. long ; ovoid fusiform, tapering at botli ends and with o. long sharp 
beak, green and striped with white when immature, scarlet wflien ripe ; pericarp thin. Seeds serni- 
ellipsoid, compressed, involved in red pulps. Flowers July to October. 

Habitat 

Found throughout India and Ceylon ; distributed to Malay and F. Australia. • 

Medicinal uses 

The patola of Sanskrit writers, a plant which is mentioned by Ghalmidiitta febrifuge and laxa- 
tive, is said by Dymock to be referred in Bombay to this species. In Bengal, on the other hand, 
Tfichosenthes dioica is believed to be the Sansimt patola. Whatever this .^ecies may be, the species 
under consideration is .supposed to possess several valuable properties. Thus. Aiiislie writes, ' The 
tender shoots and dried fruits are very bitter and aperient, and are reckoned amongst the stoniachic 
laxative medicines ; they are used in infusion to the extent of 2 ounces twice daily In South 
India, the seeds are considered to be a remedy for disorders of the stomach, antifebrile and anthel- 
mintic j the tender shoots and dried fruits are believed to have the qualities described by Ainslie, and 
are given in decoction with sugar to assist digestion ; the juice of the leaves is thought to be caustic, 
and the root purgative, the petiole of the leaf in the form of a decoction is a reputed expectorant. 
According to Dymock, the plant has a reputation as a febrifuge in Bombay and is given in decoction 
with ginger, chiretta and honey. ' Muhammadan writers described it as cardiac tonic, alterative, 
antifebrile, and a tisefui medicine for boils and intestinal worms’. In the Konkan the leaf juice is 
rubbed over the liver, or the whole body, in remittent fevers. ' The juice of the leaves and fruits is 
useful in cases of congestion of the liver and bilious headache : it also acts as a laxative:’ (Civil 
Surgeon J. H. Thornton.) 

Occurrence ^ 

MaJ^y PiBniTisiila . , . Perak, within 500 ft., open grazing groiind, March iSB4, Dr. King’s eolieotor 


Peninsular India 


Assam 

Bengal 

Bihar 

Gangetic Plain . 
N. W. Himalaya 


C. I. 
Burma 


Sikkim Himalaya 


Wall. Cat. 

Siamese Peninsula, 


Perak, within 500 ft., open grazing ground, March iSB4, Dr. King’s eolieotor 
Java, 1859 ; Viti and Fiji Isis., Coll. B. Seemann, 1860. 

Koni, Travancore State, 25*8-1913, ColL C. 0. Calder & M. S. Eamaswami; 
Vellapatti 1,600 ft., Coimbatore Dist. 27-9-1710, GoIL C. E. G. Fischer ; M^-^sore 
and Carnatic, Coll. G. Thomson ; Pimpuyaum, north of Kasik, Bombay 18785 
Karwar, North Kanara, 15 July 1883, Coll. W. A, Talbot ; Badami, S, India, 
Sept. 1910, Coil. A. Meebold ; Aiyarangal 1,200 ft., Aiiaimaiai, S. India, 
Coll, C. E. C. Fischer. 

Kobo, Abor Expedition, 18-12-1911, Coil. I. H- Bnrkili ; Assam, Coil. Griffith. 

Sundribans, 27-8-1897, Coll. Janardan ; N. Bengal, between Dingra Ghat and 
Purnea ; W. Bengal in hedges around villages, Coll. S. Kiirz. 

Manbhum Coll. Rev, J, Campbell, base of Pareslinath 13-11-58. 

Coll. T. Thomson ; Banda, U. P, Coll. Mrs. A. S, Bell ; Lacknovs Aug. 1854. 

Near Dehra Dun, July 1882, ColL Duthie ; Coll. P. W. Mackinon ; Sagalwas 
Forest 8,500 Chamba (Punjab) 15-9-99, Coll. Harsukl ; Aboo 1868, 
Aug. 1868, Coll. Cb King; Anacbni, Aug. 1808, ColL G. King; Dehra Dun 
1869, Coll G. Kh% ; Dalhousie Coll. Dr. Clarke ; 

Giina, Gwalior. ^ ^ 

Maymyo Plateau, 3,500 ft., July-Aug. 1908, ColL J. H. Lace; Mhibu, Sept, 
1902, ColL Shaik Mokim ; Shan hills 1892 Abdul Haque ; Bhamo 4-2-68, Coll. 
J. Anderson.LV' V • 

1879, Coll. G. King ; Selim 1,000 ft., Sikkim, 18 Oct. 1884, ColL C. B. Clarke ; 
Bungiet 500 ft., Darjeeling 20 Sei)t, 1869; Bongtsong below Mungpoo 16 
Dec. 1876, Coll. A. B. ; Sikkim 5,000 ft., 23-9-35, Coll. G. King ; Teesta 
2,000 ft., 12-8-14, ColL G. H. Cave ; Pankabari 1,000 ft., 8 Aug. 1875, ColL 
Gamble ; neighbourhood of Kalimpong, January 1901, ColL P. C. Lyons. 

Madras 6728 ; Monghyr 6691 ; Itoyal Bot, Garden, 6693. 

Ohinguiai 1,000 ft., 7th July 1909, ‘ColL A. F. 1 ^. Kerr. 
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4* Ttiehmmnthes Anguinm Linn. Sp. PI. 1008 ; FL B.I. 2, Grab. Cat. p. 78 ; Dak. & Gibs. 
SuppL p. 37 ; DutMe, Field and Gard. Crops, t. 46; Woodr, in Journal Bomb. Nat. 11, (1898) 
p, 639, & Gard. in Ind. ed. 5, p. 330 ; Watt. Diet. Been. Prod. 6, part 4, p. 81 ; Kimdu. J. Bombay 
Nat. Hist; SoG. 1942, 4^^ 

The Snake Gonrd. Vern. Sans. Chichinda ; Hind. Parwal, chachinga ; Beiig. ; Uriya. 

Ghmhainda ; N. W. P. Jhajhinda ; Oudh. CMcMnga ; Pb. Galar tori, andol, chichinda ; C. P. Pudoba ; 
Bombay. Payidolw, ; Butmdj Pai4en-mwae. 

Annual, monoecious ; stems 12-15 ft. long, slender, furrowed, slightly hairy, subglabrous. 
Tendrils 2-3-{usualIy 3) fid. Leaves 2-5 in, long, usually a little broader than long, orbicular reniform 
or broadly oviate, distantly denticulate, more or less deeply 5 or less deeply 5-(rarely 3-7) lobed, the 
lobes broad, glabrous or usually so above, more or less pubescent, or when old, sometimes scabrid 
beneath, base deeply cordate the sinus often subrectangular ; petiole 1-3 in. long, striate, pubescent. 
Male flowers in axillary racemes, with sometimes a solitary male flower from the same axil as the 
raceme ; peduncles of the racemes 2-6 in. long, slender, striate bearing 8-15 flowers near the apex ; 
pedicles puberulous, i». long, bracts 0. Calyx tube dilated at the apex f-l in. long, about in. 
wide at the mouth; teeth short, acutely triangular. Petals white | in. long, lanceolate oblong, 
laciniate at the apex. Female flowers axillary, solitary or occasionally female fl.owers in. long. 
Fruit long, often attains a length up to 3 ft., with a thickness of about 1-| in. diameter, somewhat 
rotate ; when green with white stripes from base to apex. C. B. Clarke is of opinion that it may be a 
cultivated form ot Trichosanthes cucumcrina with which it conquers in all aspects of its vegetative and 
reproductive organs except the fruit which is often very long. It is seldom found in wild state and 
is extensively cultivated throughout India as a rainy season crop. The general treatment and mode 
of cultivation is the same as that of the cucumber. Flowers June to August, 


Habitat 


India — cultivated. Distributed to China and Malaya. 

Medicinal use V 

The seeds are considered coolingi Food : The long fruit is cooked and eaten as a vegetable either 
boiled or in curries. When ripe it turns brilliantly orange in colour. Owing to the cesemblance'of 
the fruit with the horn of deer or buffalo this fruit is not taken by certain superstitious Hindu widows 
ofindia. 

Distribution 

Wall. Cat. : Gangachora, 9th June 1809, 6687 C; 6687 A. U. P. : Banda, vern, Chaclvinqra, 
Ang, 1902, Coll. Mrs. A. S. Bell. 

N. W. Himalaya : Dehra Dun July 1884, Coll. Duthie ; Shangai 1860, Coll. Maingay. 

5. Trichosanthes pachyrrhachis Kundu in Journ. Bot. 1939, 77,9. Stem delicate, deeply 
angled, glabrous or slightly hairy. Leaves membranous, suborbicular or reniform, with a cordate base 
densely covered with hairs, very shortly 3-5-lobed, lobes subacute ; margin denticulate ; 1 J to in. in 
length, 2-3 in. broad. Petiole slender, ^ to 1^ in. length. Tendrils, grooved, puberulous 3-fid. Flowers 
monoecious. Male racemes 10-15 flowered ; rachis rdbust, somewhat geniculate, sometimes nearly as 
thick as the stem succulent, slightly grooved, glabrous 3-4| in. long usually flowering from near the 
base. Pedicels terate, robust, erect slightly puberulous | to f in. long. Calyx tube short, dilated at 
the apex. Petals oblong staminal filaments slender very short. Female flowers not seen. Fruiting 
pedicel soUtary 1*5 in. long. Fruits ovoid ellipsoid, attenuate into an acuminate apex ; epicarp thin! 

Seeds flattened with undulate margins, truncate at the base bidentate at the apex about 4 in. loim and 
Jin. broad. r 2 ^ 

Habitat 

N. W. India ; Burma ; N. Bengal. 
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Triehosmithes bre^ibracteate Kmidu ill Jomn. 'lht:. urn), 71 M. : ^ 

Stem very slender j grooved snbglabrous. Leaves nienibranoiis, very tliiii, 3-5 angled or very 
shortly five-lobed, reniform, apex acute, base cordate emerginate, margin dentate, on the iipper surface 
covered with minute hairs ; deep green on the upper surface, pale green on the lower .surface ; 3*5- 
7*5 cm. long, 4-5-9 cm. broad, 3-5-nerved at the base ; veins very thin prominent on the lower surface. 
Petiole slender striate, 2-4-5 cm. long. Tendrils slender 2-3-fid. MoncBcioiis or dioBcious. Blale 
flowers in racemes. liachis bearing male flowers slender, striate piiberiilous 5-10| cm. long, 5-10 
flowered at the apex. Pedicels slender erect or spreading piiberulous 5-15 cm. long. Calyx 
tubular; teeth' spreading. Petals oblong 840 rum. long 3 inni. .broad, .staminal fikmeiits 
slender, about 2 mm. long; anther head oblong 2|- mm, long, IJ- miri. broad. Peniale 
flowers not seen. Fruiting peduncles solitary 8-10 mm. long. Fruit ellipsoid, attenuate into a 
conicai apex 3-|-4-| cm. long, 1|-2| cm. thick with about 7~8 seeds. Seeds flattened, oblong, 
snbglabrous on both surfaces, somewhat undulate at the margins, base and apex truncate, 10 mm. 
long, 6-6 mm. broad, 2 mm. thick. 

Distribution 

Karnal, Punjab ; Ahmedabad, N. W. India ; Koni, Travancore, S. India ; Kanara. 

7. TTichosanthes PerroUetiana Cogn. in BC. Monogr. Phan. Ill 362 ; leaves srfbcoraceoiis, 
round ovate-suborbicular, margin distantly subulate denticulate, base occasionally deeply emarginate, 
both sides glabrous or smooth, commonly trilobed at the middle, lobes oblong-triangular, acuminate ; 
male racemes many flowered ; pedicels long, base minutely bracteate ; calyx shortly piiberulous, 
teeth longish, linear. 

Stem often slender, branched, angular, glabrous or slightly puberulous. Petiole slender, striate 
subglabrous/ 5-7 mm. long. Leaves upper surface deep green, lower pale green, dilated at the base, 
12-14 cm. long, 10-12 cm. broad, intermediate lobes longish ; indentations narrow, acute, base broadly 
round, l|-2 cm. deep, 4-5 cm. broad ; veins narrow lower veins prominent and reticulate. Tendrils 
robust elongate, deeply channeled, somewhat puberulous, 3-fid. Common peduncle of the male 
flowers very slender furrowed, glabrous or slightly puberulous, 10-15 flowered, 15-20 cm. long, pedicles 
slender, bract 5-10 cm. long ; bracts subulate caducous 3-5 mm. long calyx subcylindrical, apex 
constricted, longitudinally lO-nerved, l-|-2 cm. long, apex 3 mm. and at the middle If mm. broad ; 
teeth erect 4-5 mm. long. Staminal filaments'slender 2 mm. ; thick. Pistillate 5-6 mm. long. Female 
flowers unknown. 

Habitat 

In Eastern India, near Pondichery (Perrottett n. 256 in Herb. Bois and Viridab.). 

8. Trichosanthes villosula Cogn, in DC, Monogr. Phan. Ill 362 p. 262. 

Leaves membranous, round suborb iciilar, upper surface slightly puberulous or scabrous, lower 
densely villose hirsute, 5-lobed, lobes ovate oblong, acute or shortly acuminate, male racemes many 
flowered pedicles long, base minutely bracteate ; calyx slightly long villose, with elongate teeth, 
subulate. 

Stem slender, elongate, branched, angularly sulcate, with thin long hairs, Petiole very slender, 
striate, with sparingly long hairs, 3-6 cm. long. Leaves upper surface bright green, lower surface as 
the upper, 8-12 cm. long as well as broad ; lobes occasionally lobulate, upper nerves thin, lower pro- 
minent and reticulate. Tendril robust, elongate, sparingly villose, 3-4 fid. Common peduncle of the 
male, narrow, channeled. Slightly villose,*'12-20 flowered, 10-16 cm. long; pedicles erect ascending 
subfiiiform 2-5 cm. long ; bracts subulate, caducous, 1-2 mm. long. Calyx tube subcylindric, upper 
dilated, apex constricted, longitudinally 10-ribbed, 2-2|- cm. long, apex 5 cm. and at the middle 2 mm. 
broad ; teeth 5-7 mm. long ; petals oblong-lanceolate, tri-nerved, acuminate 12-13 mm, long, 3-4 mm. 
broad; fimbriate, elongate, divided. Stamens : filaments filiform 1-1|- mm. long; anther head 
sublinear, 5 mm. long 1| mm. thick. Pistillode 8-9 mm. long. Female flowers unknown. 

Habitat 

Eastern I^lia at Mount Nilgiri. 
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9. Triehomnthes hnmmdm O.B.Ql^^^ in Hook. ■ f; FI/ Brit. Ind, ii 608. 

Stem twining : tendrils 2-3 fid. Leaves ovate from a truncate hastate or obrus (not cordate) 
base sometimes subpeltate entire or irregularly tricuspid glabrous coriaceous or membranous, poly- 
morphous, sometimes exactfy ovate with a rounded sub-entire-margin. Bracts ovate slightly serrate 
nearly glabrous. Male peduncle 6 in. calyx tube |-1| in. somewhat tomentose without ; corolla 
greenish white. Female plant unknown. Flow’^ers March to June. 

Habitat 

Occurs in Sikkim upto an elevation of 1,000 ft. Khasia Hills 4,000 ft. H.f. & T. ; C. B. Clarke. 
OcGureme 

Bikkim . V . . . Bishap 1,600 ft,, Darjeeling 10 March 1871, Coll. C. B. Clarke ; Sikkim Himalaya 

Coll. G. Iving ; Biyang, 8-4-1876, Coll. G. King ; Joke, Sikkim Coil. S. Kurz , 
Ramno, Nov. 1857 ; Gouk 4,000 ft., 16-6-1862, Coll. T. Anderson; Biyang 
Valley, April 1878, Coll. J. L. Lister. 

Assam . . . . . Khasia Hills, Coll. Simons ; Mount Khasia, 4,000 ft. Coll. J. B. H. & T. T., 

Konoma, Naga Hils, Aug. 1886, Coll. Dr. B. Prain. 

Burma . . , . * Kachin Hills, Sadar, March 1898, Coll. Shaik Mokim. 

10. Triehosanthes ovata Cogn. in DC. Monogr. Phan. Ill, p. 365 ; leaves membranous, 
entire, broadly ovate, apex shortly acuminate, base round or truncate, margin minutely remotely 
denticulate both sides glabrous ; tendrils 2-3-fids ; male racemes subcap itate, few flowered ; bracts 
ovate, subsessile. 

Stem robust elongate, branched, angularly furrowed, glabrous or puberulous. Petiole robust, 
furrowed, glabrous 3-5 cm. long. Leaves upper surface bright green, lower pale green, 14-18 cm. 
Jong, 11-14 cm, broad base trinerved, veins thin lower prominent and reticulate, lateral nerves bifur- 
cate. Tendrils slender, sufficiently elongate, glabrous. Common male peduncle very robust, furrow- 
ed, glabrous, apex 6-10-fiowered, 10-15 cm. long ; pedicels very narrow, shortly villose, 1-2 mm. 
long ; bracts acute, base round, entire or slightly undulate, three nerved, 12-13 mm. long, 8-10 mm. 
broad. Calyx tube shortly tomentose, upper dilate ; teeth erect or refiexed, linear 7-9 mm. long, 
1-| mm. broad. Corolla shortly tomentose. Female flowers and fruits unknown. 

Habitat 

In Sikkim (Thomson in herb. Hort. Petrop. et Lugd. Bat.). 

11. Triehosanthes cordata Roxb. Hort, Beng. 70; FL Ind. iii 703; Triehosanthes 
tuberosa Roxb, f T. palmata Wall. Cat. 8668 F. partly & C. 

Vern. Beng. Bhui kuwra, hhmii hmra, patoL 

An extensive climber. Root tuberous, perennial, growing to the size of a man's head. Stem 
herbaceous, climbing to a considerable length, five angled, villous or even somewhat scabrous when 
old. Tendrils opposite, three cleft. Leaves often 6-8 in. alternate, petioled, cordate ovate acute 
entire or obscurely angular lobed, hairy beneath, dentate serrate. Petiole channeled, a little hairj', 
scarcely half the length of the leaves. Male peduncles usually paired, the raeemed one axillary, 
solitary as long as the leaves. Bracts alternate, sessile, cuneate, oblong, acute, serrulate, one-flowered 
Flowers large white, the fringe of the segments coarser. Female flowers axillary, solitary, short 
peduncled. Calyx tube L|- in., densely hairy outside, segments finely acuminate, ' Fruit spherical 
of the size of an orange, and of nearly the same colour, and as in T. pubera of whicli it is much alikt% 
the cells and partitions are very obscure. Seeds numerous, veins immersed in soft gelatinous green 
pulp. var. siibpedata; leaves pedately lobed Almost to the base, Cachar, C. B. Clarke. Flowers 
May to August. 


Habitat 

Met with at the base of the Eastern Himalaya, from Sikkim to Assam and Pegu ; frequent in the 
Khasi ; Terai and Assam, 
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Medicinal uses 

The large tuberous root is considered a valuable tonic and is ernplfn'ed as a substitute for CalGumba 
(Ifoxburgb). Aceording to Irvine (ex Watt D. E. P.) it is a dwl>struent and ^ the dried 

flowers are believed to be stiniulent in doses of 2 to 5 grains. Tavlor sfates that in Dacca the root, 
dried and reduced to powder is given in doses of 10 grains in enlargement of the spleen, liver, and 
abdominal viscera. The fresh root hiixed with oil, forms a common application in leprous ulcers. 


■ ■■ ■ , T 
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Occurrence . 

Penmsular India . . . Ciiodavaram— foot of Kainpa, Madras Presidency, 7th Aiig. 1914, Coll. M. S* 

Rainswami. 

Burma Martaban, GolL S. Kurz ; Banks of Bittong, Feu, ColL 8. Kurz* 

Assam Nambar forest 9th May 1895 Collected by the Reporter of Economic Products 

to the Govermmiet of India ; Mount Khasia 0-4/X)0 ft., Coll. J. D. H. & T.T. ; 
Hazira 250 ft., Sibsagar, 23 April 1885, ColL G. B. G. Clarke ; Kohima 4,500 
R., Haga Hills, July 1886, GolL Dr. D. Praiii ; Saikhowa below Sadija, 25 
Aug. 1909, ColL I. H. BurldlL 

Sikkim Tista valley, 4,500 ft., 5-7-09, ColL Smith & Cave; Sikkim, Coil S. Kurz, ; 

Darjeeling Terai 500 ft. 12 June 1870, GolL C. B. Clarkes 

Bengal . . . . . Bhunraj, Dacca 15th Sept., 1868 

Malay Peninsula . . . Singapore, January 1890; Piilan Ubain, February 1890, ColL H. K. R. 

Wall. Cat. . . . . Sylhet 6686 B; R. B. Garden, Calcutta 6686 A 

U. P Hardwar Deiira Dun, Aug. 1870, ColL G. King ; near Behra Bun, July 1882, 

Coll. J. J. Buthie. 

12. Trichosanthes Wiillichimia Wight in Ann. & Mag. Nat. Hist. ser. I. viii (1842) 270 ; 
Trichosanthes multiloba (LB, Clarke; T. grandibracteata Kiiiz^m Journ. As. Soc. 1877, p. ii, 99 ex 
descr. 

An extensively rambling shriiL Dioesioiis. i^eavcs deeply (only half way down) palmate in 
5 or 3-9 lobes narrowed near their base 3-6 in. diam., usually glabrous beneath or less commonly 
scabrous with scattered bristles, subcordate at the base ; segments serrate (sometimes lobed) ascend- 
ing, less divaricate than in T. pahnata, acute ; petiole 1-3 in., often with several large glands near the 
apex ; tendrils commonly 3-ficl. Bracts ovate or obovate deeply serrate. Male peduncles usually 
paired, the racemed one 6 in., naked below. Calyx tube l-2i in. ; teeth lanceolate, subulate, entire. 
Fruit 2-4 in., ovoid or oblong acute bright red with orange streaks. Seeds f-| in. more or less 
angular on the margins very many in green pulp. This is rather a variety of T, puheT'a {T. palmata 
Roxb.), the Himalayan large form of which so closely resembles it, that in the absence of the fruit 
it cannot always be distinguished from it. 


Habitat 

Sikkim, East Himalaya, Khasia Mts. ; alt. 2,000-6,000 ft. : plentiful Malacca I Maingay 671 
Distributed to China and Japan. 


Occurrence 



Burma 

. Kachin Hills, Upper Burma, January 1898, ColL Shaik Mokim ; Meywar, 
Burmah, 6th October 1868, Coll. D. J. Anderson. 


Malay Peninsula 

. Perak, Rev. Father Scortechini ; S. Pahang Aug. 1891, ColL Hiik ; Palan Penang 
May 1893, ColL C. Curtis ; Singapore 1S93, 


Assam 

. Shillong 6,000 ft., 10 Aug, 1885, ColL C. B. Clarke ; Shillong, 4 June 1911, Coll. 
R, K. Das ; Bumpet 30 May 1911, R. K. Das ; Mount Khasia 0-5,000 ft.. 
Coll. J. D. H. & T. T:; Khasi Hills, 5,000 ft., Tlngale Bam jungle March 
1899, ColL Br. Prain’s collector ; Khasi Hills 500 ft., June 1876. 

('p 

Bihar 

. Chota Nagpur, ColL J. J- Wood. 


Peninsular India 

, , H. Kanara, Bombay, May 5, 1889, ColL W, A, Talbot. 
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AKRiiin 

X. W. Hiirsalaya 


. Mungapoo, BMkiya, 3,000 fi., 18 July 1914, Vern. (Nepal) Inclrayni, Coll. 
C. W. C. ; Phadonchen 7,000 ft., 20 x4.ug, 1910, Coll. AV. W. Smith ; Sikkim 
Himalaya, Coll. G. lung. Tumlong, 5,500 ft., 10 July 1892, GolL G. A. 
Gamble; Sikkim 4,000 ft, 25 January Coll. G. King; Runghee 5,000 ft., 
Barjeeling, 23 July 1870, Coll. 0. B. Clarke ; Punkabari 500 ft., Darjeeling 
4 Sept. 1879 ; Sikkim Himalaya, Coll. S. Kurz ; Rishap 3,000 ft., Darjeeling 
2 Aug. 1870, Coll. C. B. Clarke ; East Himalaya, distributed at the Royal 
Bot. Garden, Kew, Coil. Griffith; Sikkim 2-6,000 ft., Coll. J. D. Hooker. 

. Haflong, 2,500 ft., N. Cachar, 2 Nov. 1908, Coil. G. A. Craib. 

Near Mussoorie, 1869, Coil, G, King, Simla 1886 Coll, Collett. ; N, W. India 
Royle. 


'Tri£JmsmttiieS'm.ojMS(mla in Journ. Bot. 1939, 77, 12. 

T, WaJIickiana Weight \^ar majuscxila Clarke, Cogn. in DC. Monog. Ill 369 ; T. midtiloba Miq. 
var. majuscula Clarke in Hook. P.B.I. II, H.N.R. 

Stem rather stout, elongate, ribbed, glabrous. Leaves large, membranous, glabrous and smootli 
on the lower surfaces, slightly hairy at the nerves on the upper surface, deeply palmately 5-Iobed. 
Petiole very stout striate or covered with minute hairs, 6-6-8 cm. long. Tendrils stout and wood}^, 
ribbed slightly hairy, branched. Male flowers in racemes ; rachis short and woody many flowered, 
grooved. Pedicels short ; calyx tube about 6 cm. long 1 cm. broad at the apex, spreading. Female 
flowers unknowiL 


Habitat 


Khasi Mts., Assam 4,000 ft. 

14. Trichosanthes Khasianu Kundix in Journ. Bot. 1942, 75, 9-12. 

Stem robust, elongate, angulate, grooved, glabrous. Leaves membranous, ovate suborbicular. 
Sparingly hairy at the nerves on the upper surface glabrous on the lower surface, deeply palmately 
3-lobed near to the base, sometimes an additional short lobe occur on the side of the each of the 
lateral ones, 9-15 cm. long 8-13 cm. broad. Petiole stout, striate 2*5-5 cm. long. Male racemes 
loosely flowered at the apex ; rachis very stout. Bracts glabrous, ovate, calyx tube pubenilous 
4*5-5 cm. long 8*5-10 mm. broad. Peduncle of the female flower 1*5 to 2*5 cm. long. Calyx tube 
cylindrical ovary fusiform, glabrous. Fruits oblong ellipsoid, slightly tapering on both ends 6-16 
in. long. Seeds irregular, margin smooth 10-14 mm, long, 5-8 mm. broad and 2 mm. thick. 


Dktribution 


Khasi mountains. 


15. Trichosanthes tricuspidata Lour, FI. Cochin 2 , p. 688 ; edit. Willd. p. 723. Willd. 
spec. 4, p. 600 ; Bl. Bijdr. p. 935 ; Ser. in DC. Prod. 3, p. 305, Roem: Syn. fasc. 2, p. 95 ; Miq. FI. Ind. 
Bat. 1, part 1, p. 676. Leaves coriaceous, broadly ovate-triangular, both sides glabrous or smooth, tri- 
lobate, lobes broadly triangular, acute or shortly acuminate, margin entire or obscurely undulate 
denticulate ; tendril trifid ; male racemes many flowered ; bracts oblong ; lanceolate ; rarely ovate 
oblong, subentire or shortly broadly dentate ; calyx tube narrowed from apex to base, teeth 
elongate triangular lanceolate, shortly denticulate. 

Stem robust, elongate, branched, furrowed, glabrous, smooth. Petiole very much narrow, 
angularly furrowed, glabrous 4-6 cm. long. Leaves upper surface intensely green, lower surface- 
pale green ; base pedate 5-7 nerved, 10-16 cm. in breadth, lobes divergent, intermediate one longer, 
indentation between the lobes broad ; obtuse or subacute, base angiilar 2-3 cm. deep ; nerves of the 
upper surface robust, lower surface prominently reticulate. Tendrils robust, elongate, angular, 
subglabrous. Common peduncle of the male, furrowed, glabrous or slightly puberulous, flowers 
profuse from middle to the apex, bearing 10-25 flowers, 12-20 cm. long, bracts arising from the 
base, bracts hard, rigid smooth, ovate oblong, obscurely dentate 1 cm. long, pedicles very much 
narrow, erect spreading, apex dilated, flexuous 3-8 cm. long ; bracts shortly densely villose, many 
nerved, 2 cm. long ; calyx tube shortly densely tomentose 7-8 cm. long, 3-4 cm. broad. Staminal 
filaments very short, anther head 9-10 mm. long, 2*5-3 cm, broad. Female flowers unknown ; fruit 
ovoid, acute, small yellov . Flowers April to October. • 
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Malay Peiiiiisiila. . . . Biikil Cheras, Pahang, 10 Get. 1931, Cull. M. E. Ih-nder^on ; Puio .Bootr>ng, 

Aug. 1879, Coll. C. Curtis ; Singapore, Jammry isSo; Lurul Perak l,00f>- 
1,500 ft., Aug. 1801, Dr. King’s collector ; Kilaii Tujor April 1892, Coil. 
L. Wray (Jr.) 

16. TrichoMmithes pube-ru Bliime, Bidjr. 930 ■; TriehoswMhes palnmia Roxb, FI. Iiicl. iii. T04 ; 
T . Imdmom, 4^'aII fJat. 6689, A. B. ; T, Hey.ne-'in Herb. Rottier ; T. trimspis Miq. FI. Iiid. Bat. 

i. pt. i, 679 ; T. cordaki Wall Cat. 6686 exel. A. and B. ; T. anguina Wall. (Jat. 6687, F partly ;'T, 
bracteata, Voigt Hort. Sub. Calc. (1845) p. bS; CuemUta Melopepo, Wall. Cat. 6725 ; Imohmrmm 
WalhcMi Seringe in DC. Prodr. iii 318 - palmata Wall. Cat. 6711 F. 

, Vern. Sa,ns.-JfaAaMa ; limA,-TMl-lYidmycvnd^ niahil; Beiig.-MaJcal ; N-W.?-*"' 

Indmyan, makJial, parwar, pahml ; Kumaon-J‘/«r7m^a/?. ; BomhAiaiindal ; Mar.-Kavandala 
Tam. uncoruthai ; Telegu-i¥a7^a^mY/<7w7a Kaii.-Avapiule-hannii ; AA.-jlubghol ; Pers.- 
Hhnsle-Sw'Mi. * 

An extensive climber, often attaining a height of 30 ft. : stamens robust woody below, branclied, 
grooved, the older light green with scabrous spots, the younger smooth, green. TeiKlriis 2, more 
commonly 3 cleft. Leaves 2-|-5 in. long and about as long as broad, variable usually palmately 3-5 
lobed to about the middle (more or less), dark green above, paler beneath, frequently with dark 
coloured circular gland scattered along the lower side, glabrous, often scabrous with smaller scales 
above anfl on the nerves beneath, base cordate ; lobes usually ovate oblong, acute, more or less dentate 
or serrate ; petioles B3 in. long, striate, puberulous or at length glabrous. Male flowers : in axillary 
5-10 flowered racemes 6-9 in. long (rarely solitary) ; pedicles thick, erect, very short ; 1>racts^l in. 
long and more, broadly ovate, palegreen, many nerved, fringed dotted with dark green glandular 
spots. Calyx tube i| in. long pubescent, longitudinally striate, teeth lanceolate erect or spreading, 
laciniate. Petals 1 in. long wedge-shaped, fringed, exceeding the, calyx tube. Filaments slightly 
villoiis. Female flmvers : axillaiy solitary; peduncles less than 1 in, long. Fruit 1-5-2 in. diam., 
globose red when ripe, strreaked with 10 orange streaks pericarp thick ; seeds numerous f--5 m. 
long, ellipsoid, smooth slightly attenuated at the base, not margined. 

Habitat * 

India — very common in all moist thickets, ascending to 5,000 ft., distributed to Ceylon, Malaya, 
China, Japan, N. Australia. Var. I. Scotunthiis C. B, Clarke: calyx teeth broad lanceolate entire, 
petals nearly destitute of fimbriatioiis especially in the females. Var. 11. to^nentosa Heyne in Herb. 
Rottier ; leaves tomentose beneath divided not more than half way down . This variety rather look 
like a good species but the fruit and seed are as in var. 1., and it closely resembles the 
Australian T, subvelutina Mmll in Herb, referred to T, palmaki by Bentlium. The distribution 
of r. pafeafu; is extende^^ to Japan on the faith of two examples collected by Mexmowioz. 
They belong to the commonest Bengal type T. pubra but bear the name T. jupomca Regal, which 
in Regal Ind. Sem. 1868, p. 90, is said to have solitary male flowers and has been referred by Ben- 
thum and Hooker to the neighbouriiood of T. A inGlmanthes collected in Mergui by 

Griffith No. 759 (No. 2532 Kew Distiib.) has the leaves with short hair beneath otherwise resembles 
the var. tomentosa. 

Distribution 

Sikkim, East Himalaya and Khasi Hills, alt. 2,000-6,000 ft. ; plentiful. Malacca, China, Bhamo 
and Japan. 

Medicmal and other progyerties 

Fruit finely powdered and thoroughly mixed up with coconut oil, is considered a valuable appli- 
cation in cleaning and healing those oiiensive sores which sometimes takes place inside, the ears.* 



* Watt’s D. E. P. 6, (2), 84. 
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, llie same preparatiou is supposed to have beneficial curative properties in oz^na when poured up 

I the nostrils. Tlif woi is d<\scrilMMl by AMgJit as useful in inflaumtion of the lungs in cattle. O’Shaugh- 

nesay*^ was induced by flu* sirigukirly bitter taste of the rind to make experiments with a view to 
I ascertaining whether it possesses purgative, tonic or aperient properties but given in three-grain 

doses thrice daily it was found to produce no sensible effect (Beng. Dispens). Dymockf states that 
natives in Bombay sometimes smoke the fruit as a remedy for asthma. The root with an equal 
proportion of colocynth root is rubbed into a paste and applied to carbuncles ; combined with equal 
! ^ portions of the three myrobalans and turmeric, it affords an infusion which, when flavoured with 

i lioiiey is given in gonorrheea cases {Maieria Medica West Ind.). The juice of the fruit or the root 

1 bark boiled with gingelly oil, is used with good effect as a hath oil for the relief of long standing or 

I recurrent attacks of headache (Surgeon Major W. R. Thompson, C.LE,, Madras), 

j The bright-red fruit of the wiki plant is iion-eatable owing to its severely drastic properties, 

' but, under tmltivation the fruit becomes a wholesome vegetable when well-boiled. At the Cape of 

j Good Hope its poisonous properties appeared to be removed by pickling (J. Agric. HorL Soc. X, 

j , serh% 3). 

I According to Roxburgh the poisonous fruit is mixed up with rice and is employed to kill crows. 

It is used by the Hindus of Western India as an ear ornament for the idol Ganpatti, who is dressed 
up and seated in state in every Hindu house once a year, to bring good luck to the inmates (Dymock). 

Occurrences 


Assftin 


I 



Burma 


Andaman 
Malay Peninsula 

Sikkim 

Ivb W. Himalaya 

Upper Gangetic Plain 
Central India , 
Bengal 


Biimpet, vern. Meejuren, Khasia and daiiitia hills, 13 Oct. 1900, Coll. B. Hooper ; 
Taiigali Bam Garden, Joboca Oct. 1808, Coll. I)r. Prain’s collector; Mong- 
semdi May 1805 collected by the Reporter Economic Products to the Gov- 
ernment of India, Joh Bastee near Teock GJiat, Jaii. 1899, Br. Pram’s col- 
lector; Shillong, Khasi Hills April 1902, Coll. IL G. Carter; Haiiong, N. 
Cachar, 2,500 ft. Coll, W. G. Crate ; IChasia., distributed at the Royal Garden, 
Ilew, 1812-3, GriMth; on the way to Keithemati 3,000 ft., Manipur (on 
the Eastern Frontier of India) February 4th 1882, Government demarca- 
tion Sur\'ey of 1881-1882, Geoige Watt ; Sengamoi 3,000 ft. Manipur ColL 
George Watt ; Sadiya, Kuwa bhatori, 25th Aug. 1909, Coll. I. H. BurkilL 
8, Shan States Coll. Rev. R. W. MacGregor I,M.S. | Keng Tung 5,000 ft. ; 
Slmn Stated May 1909, ColL Capt. R. W. MacGregor ; Mogok, Upper Burma, 
ColL W. H. Coopert Abdul Hoque, Upper Burma, September 1891, Coll. 
Abdul Hoquo ; Peru ColL S. Kurz., Madve hill. Upper Burma 20th February 
1803, ColL Br. King’s collector ; Fort Stedman Upper Burma 1893, Abdul 
Khalil ; Southern Shan States Indin, Upper Burma 1893, Abdul Khalil ; 
Kacliin Hills, Upper Burma ; Bist. M^'nela, Yunan Expedition 18th May 
1868, Coil. B. J. Anderson; Ma-ymyo, Upper Burma, July 1858, ColL Badal 
Khan; 40 miles from Mandalay, July 1888, Br. King’s collector, Badal 
Khan Sujiii, Upper Burma Aug. 1891, Coil. Abdul Huk. 

Karcondaiii 800 ft.; Rangachang, S. Andaman, 16 Kov, 1889, ColL Bavid 
Prain.' 

Perak 500-800 ft,, July 1886, ColL Br. King’s Collector ; Batu Togoh, Perak 
800 ft., ColL L. Wray Jr. ; Perak, ColL Revd. Father Scortechini ; Perak 
open mixed jungle, July 1883, Coll. Br. King’s collector Ulu Bubong ; Larut 
Perak- ching 500-800 ft.. Sept. 1883, ColL Dr. King’s collector ; Malay Archi- 
pelago, 1,700 ft., 1881, ColL H. 0. Forbes ; Java, 5,000 ft., 1862. 

Rishap 4,000 ft., Darjeeling, 28th July 1870, Coil. C. B. Clarke ; Rangiio valley, 
Sikkim, 2,500 ft., June 1862, Coll. T. Anderson. 

N. W. Himalaya, ColL P. W. Mackinnon ; Baugias Bub, 4,000 ft., Kumaon, 
August 1913, Coll. N. Gill ; Mussorie range. Coll. G. King ; Behra Bun, June 
1870, CoU. G.King. 

Bhaxaich (Oudh), 22 June 1898, Coll. Kursiilvh ; 

Ajmere, Ajmer-Merwar, ColL M. G. Morr ; Guna, Gwalior, ColL G. King. 

Royal Botanic Garden, Calcutta, August 1906 ; Agartala 500-600 ft., Tiperah 
2nd January 1918, ColL P. M, Bebburman ; Magora, Jessore 30 June 1874, 
ColL C. B. Clarke. 
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^ O’Shaughnessy, W. B. (1841). Bengal Dispensatory P. 349 
f Bymook (1S86). Ve^, Makria Medica^ P. 345 
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Feninsular India . . . Ghodavaram, Bampa countrj^ Godavari, 3 Oct. 1920 GolL T. Harayanaswaml ; 

near Junjiigudem, Godavari Dt. 5 Oct. 1920, Coll. ¥. Hamyanaswami ; Hadu- 
vantininurlii, Travancore State 25 Ang. 1913, Coli. G. C. Calder and M. S. 
Ramaswami ; Conrtallum, Coll, M. .Rama Rao ; Komattiyeri, .Javadi Hilk 
2,300 ft., S. India 28 Sep. 1916, Coll. C. E, C. Risclier j Mysore and Carnatic, 
Coll. C. Thomson; Kavalay CooMn 200 ft., Hov. 1910, ColL A. Meebold; 
BaOur 3,800 ft., 22 ATig.i905, Coll. G. S. Fisher ; \%tir Trav. Bee. 1910, ^ 

A. Meehold; Kamalapore, Sept. 1910, ColL A. Meeboki ; Farambicolani 

34.000 ft,, Cochin, Hov. 1910, cm A. Meebold. 

Wall Cat. . . . . Prome Hills, Wall Cat, 1826 ; Gongaehora 20 May 1809. 

Bihar , , Singhbhum 9 Jiine, 1903, CblL II, H. Haines i Jatla Pagoda, Sunddban, AiigV 7, 

1902, ColL B. Prain. 

17. Tpichosanthes Lepwdmu Oogn. : Monogr. ' Phan. Vol. Ill,,, 1888, p, 377; learns, 
membranous, siiborbicixiar, glabrous on both sides, smooth or slightly prickly and scabrous, 
broadly palmate 3-5-lobed, lobes broadly ovate or triangular, acute or shortly acuminate, margin 

-sparingly subulate denticulate ; tendril 3-4 fid ; male racemes few flowered ; bracts ovate, subulate- 
incised; calyx tube from apex to base narrow, dentate elongate, deeply 3-5-lobed ; Involucraria 
Lepiniana Naud., in Hubr. Cat. 1868. 

Stem robust, elongate, branched, furrowed, glabrous, Boiooth. Petiole stout, channeled, glab- 
rous, often finely punctate-scabriculate, 4-6 cm. long. Leaves upper surface bright green lower 
surface pale green, base 5-nerved, 10-20 cm. long and often almost as broad as long, lobes diver- 
gent ; indentations between the lolxes broad, acute, base almost round 2-3 cm. deep. Tendril stout, 
'elongate, furrowed, glabrous. Flowers dioecious. Common male peduncle robust, furrowed, glab- 
rous, bearing 5-10 flowers at the top, 15-20 cm. long, bracteata at the base ; bracts thin membranous, 
entire, narrowly oblong, base narrow, glabrous or puberiiloiis, 2-3 cm. long. Pedicel erect ascend- 
ing, thick, 2-5 mm. long ; bracts, sparingly puberulous, many nerved, teetli long subulate, 4 cm, 

2-3 cm. broad. Calyx tube, shortly puberulous, longitudinally channeled, 5-6 cm. long, apex lf-i4 
mm. broad, teeth erect, 14-16 mm. long, 5 mm. broad, lobes long subulate. Petals obovate 2-3 cm. 
long, deeply laciniate, lobations long fimbriate, filaments of the stamen thick, 2 mm. long j anther 
head 13-14 mm. long, 4 mm. thick. Female peduncles 2-4 cm. long, ovary oblong, glabrous^ Fruit 
ovoid, smooth, red, 8 cm. long 6 cm. thick. Seeds black, margin obscure, apex truncate, base nar- 
row, slightly wrinkled, 13-15 mm. long, 6-7 mm. broad, 2*5 mm. thick. Flowers April to June. 

Habitat 

Pondichery (J. Lepine in Herb, Mus. Par.) ; in Sikkim {ilook f. et. Thomson n. 14 in herb. Kew. 
Mus. Par. DC., Francav, Berol, Monac, Vindob., Flor. Ham). 

Occurrence 

Sikkim Eolbong 3,000 ft., 9 June 1862, ColL T. Anderson ; Kuraeong 3,000 ft., Barjee* 

ling, 12 June 1870 ; Wood below Lebong 5,000 ft., 16 April 1857 ; Sikkim 

14.000 ft., ColL J, B. H. 

18. Trichomnthes anaimlmensis Bedd. in Madras Journ, Sc. (1864), Ser* III, 1^ 47 ; 
r. Anamalaymia, Cogn. in DC. Monogr, Phan, 1881 III, p. 328 ; 

Leaves 3-5 lobed, upper surface scabrous, lower pubescent, irregularly deeply serrate ; tendrils 
2-3 fids ; male flowers in racemes, calyx male and female similar but lobes in the female are larger 
and widely laciniate, stamens 3, rarely 4, floral tube gibbose inserted, anthers jointed ; female flowers 
axillary solitary either with a pair of lanceolata bracts or occasionally racemose, bracteate broadly 
laciniate with glands. Leaves 10-13 cm. long and as broad. Flowers white, corolla hirsute, fruit 
globose. 

Habitat 

In tropical India at Mt. Anaimalai, alt. 1,300 ft. 

19. Trichosanthes himalensis 0. B. Clarke in Hook. f. FI. Brit. Ind, II, 608 ; Trichosantlies 
cordata Wall Cat. 6686 B ; Cucurbita fili/oUa Wall Cat. 6721. 
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An extensive climber, with slender blanching silicate , hairy stems,; tendrils 3-fid. Petioles 
tind leaves pubescent and hoiiy. : Leaves about 5 in. diame.ter, iiea-iiy ' circular in outside, palmately 
3-5 lolled, deeply cordate, irregularly serrate, roughish above, villous or pubescent beneath. Male 
peduncles 3-4 in., bracts |-|- in., narrowed to the base, ' not sheathing, lanceolate, incisoserrate.,,. 
Calyx tube 1| in., very narrow, slightly hairy.' Fruit 3-4 in., long,. long cylindric, tapering at both 
ends. Seeds turgid, obovoid or drum shaped. Flowers April to September, var, glabior : leaves 
glabrous above, pubescent or .scabrous on the nerves beneath. Khasia, 4,000 ft. Sikkim alt. 2,000- 
5,000 ft., from Yuksum to" the plains. 

.Habitat 

, ; Sikkim, a.^lt. 2,000-5,000 , ft... from 'Yo.ksuni to the plains, J., D.. Hooker and C. B. Clarke.. 


Occurrence 


■f::T 


■ 


upper Gangetic Olain. 
Sikkim 


Ansam 


Kheri (Oudh), ll»4*9S,,ColL Inyat. 

Kalimpong 4-5,000 ft., Coll. Tlioiiiton Ripley ; Miingpoo 3,000 ft., Paideeling, 
ColL C. B. Glarke ; Sikkim 2,500 ft., GolL Ck King ; Darjeelm^ 4,000 ft., 
Sept. 1881 GolL G. S. Gamble ; Paiikhabari, Sept. 1875, ColL G. King. 
Khasia 4, 000 Yt., GolL; J. D. Hooker & T. .Thomson. , 


20. Triehosmithes (licMeMspermo^ C. B. Clarke in Hook. .. f. ■ FL' Brity Iiid., II, 609 ; 
T. remformis Kurz. in J.A.S.B. 1871, 2, 57, 

Plants dioecious. 

Stem long twining sulcate, puberulous. Leaves cordate-ovate acute denticulate softly 
shortly pubescent on both surfaces, 4 by 3| in. not at all lobed ; petiole 1| in. densely villous. 
Male peduncles in pairs ; bracts minute or 0. Calyx tube 1-| in., narrow pubescent teeth spreading 
subulate. Fruit globose L5 in. in diameter, pubescent wiYh vertical luinds. Seeds pale 

grey, embeded in orange pulp 3-celled, the lateral cells empty. According to Clarke this is perhaps 
Kurz’s reniformis obtained in Sikkim Himalaya, but is not T. reniformis Miq. FI. Ind. Bat. pt. i, 675, 
which has obtuse lobes to the leaves and the male spike leafy bractea-te. 

Flowers June to August. 


Habitat 

Sikkim 2,000-5,000 ft, ; Khasi hills 4,000 ft. 


Occurrence 


Assam 

Sikkim 


Khasia 4,000 ft., Coil. J, D. Hooker & T. Thomson 

Sikkim 1,800 ft. 2,000 ft. 14-6-1876, Coil. G. King ; Sikkim 2-5,000 ft., ColL 
J. B. Hooker ; Sikkim, Coll. S. Kurz ; Kiirseong 28-8-57 
Dehra Dun, ColL G. King 


K. W. Himalaya 

21. Triehomnthes dioiea Roxb. FI. Ind, iii, 701 ; Wall Cat. 6692 A.B.D 


Vern. Sanskrit-PufoZa, puhiliki ; Hmd. —Parvar, palval, ^pakval ; Beng,— Fatal ; Vnys^-^Patal ; 
Pb. — Palwal, Pamial ; Guj. — Potala ; Tam. — Konibu-pudalai ; 

Dioecious plant. Stem creeping, xiiiming to a great extent, five sided, scabrous. Soot peren- 
nial. Leaves alternate, petioled, cordate, dentate, scabrous, soft when young 3-4 in', in leno'th 
Petioles wooly, variously bent, channeled. Tendrils simple or two cleft, Male flowers axilfarv 
solitary or pretty long peduncles. Tube of the corolla very long trumpet like ; stamens 3 distinct 
Female flowers axillary, solitary short peduncled. Corolla large, with fringe. Fruit 2-3i in. obloiU 
obtuse on both ends, when ripe smooth and of a deep orange colour, about four inches long and* the 
same in circumference. Seeds | to in., half ellipsoid, compressed, corrugated on the\iargins 
The unripe fruits and tender tops are much eaten by Indians as Avell as by Euroneans 
reckoned exceedingly wholesome. ^ 

Flowers March to October. 






1 ] 

Habitat 



i Throngliout the plains of North India from the Punjab to Assam and East Bengal It is ex* * * § 

* tensively cultivated during the rainy season throughout the above mentioned localities, in the same 

f x' way as the other gourds. 

MeMcinal and other uses 

I The leaves, the fresh juice of the fruit and the root are all used medicinally. The leaves are 

described as a good light and agreeable bitter tonic. The tender tops are regarded as tonic and 
febrifuge. The fresh juice of the unripe fruit is often used as a cooling and laxative adjunct to alter- 
: native medicines. The root is classified amongst the purgatives by Susruta.^ In bilious fever a decoc- 

tion of the leaves and coriander in equal parts is given as a febrifuge and laxative. The juice of the 
f leaf is recommended by some eminent physicians as a remedial application to bald patchesf . 

alcoholic extract of the unripe fruit is said to be a powerful and safe cathartic. 
According to Ray Bahadur Kanny Lai DeJ the bulbous part of the root is a hydragogue cathar- 
tic, operating in the same way as Elaterium, for which it can be substituted. He describes the plant 
as a wholesome bitter and useful tonic. Dr. Bowser§ from his personal experience describes it 
as a febrifuge and tonic. The Hindu physicians of the old school placed much confidence in it in the 
treatment of leprosy. ' The leaves of patal are bitter and produces tonic properties. They are 
generally fried with flower paste in ghee and eaten. The fruit is an excellent vegetable, which agrees 
well with convalescents, even from bowel complaints. It is largely consumed as food. The con- 
serve of the fruit is also a nice food for convalescents and can easily be prepared ’ (Surgeon R. L. 
Dutt,). “ The root is a drastic purgative useful in dropsy ” (Assistant Surgeon S. C. Bhatta- 
charjee, Chanda). 

The fruit is oblong green when young and orange or yellow when ripe. Unripe fruit is much 
It esteemed as a vegetable, being considered very* wholesome and especially suited for patients 
recovering from illness. The tender tops are also eaten as a pot herb. 

Occurrence 

Assam . . • . . Teock Ghat, near Tangaii Bam. Get. 1898, Dr. Train’s collector ; Khasia, Coil. 

^ GrilBth ; Khasia hills 2-3,000 ft. November 1877 ; Banks of Kullung, October 

1847 ; Orang jungle, March 1902, (JolL A. C. Chatterjee, Assam, February 
1891, Coll. Dr. King’s collector ; Lowkwa 250, Nowgong 26 March, 1885. 
Bengal . . - . . Agartala 500-800 ft. Hill Tipperah ; 20 October 1915, Coll. P.M. Debbarman ; 

Western ‘Bengal, Coll. S. Kurz ; Faridpur Station, Slat July 1868 ; Botanic 
Garden, Calcutta. 

Bihar . . « . ' . Raising Sarai, Darbhanga, August 1900, Dr. Brain’s collector, Karagola, 

Purnea, 28th August 1877, Coil. G. King. ^ 

I A *" Gangetic Plain . * . . Cultivated, Jaunpur, early part of 1916, Coll. G. 0. Allen. 

1 Upper Gangetic Plain . . Pilibhit 2-6-98, Inayat ; Koemari, Saharanpur, 12th April 1808, April 1881. 

! N. W. Himalaya o . . Silla Garo to Chamba, 4-6,000 ft., Chamba State, October 1896, Coll. J. H, 

Lace, Ladak. 

Wall Cat. . . . . Sylhet, ColL W. Gomez, 6692 C. 

22. Trichosanthes integrifolia Kurz. in Jour. Asiatic Soc. Bengal (1877) xlvi II, 99; 
Gymnopetalum integrifoUum Kiirz. in. flora 1871, 295 ; Omjmw Roxb. FI. Ind. Ill, 

724 ; Wall. Cat. 6730, fnc/wsamJte Wall. Cat. 6694. 

A twining herb ; stem scabrid ; tendrils usually simple or 2 fid. Leaves cordate-ovate nearly 
entire, 2 in. in diameter, very harshly scabrous above, densely villous beneath, margin undulate 
scarcely denticulate ; petiole 1 in. Flowers monoecious all solitary white ; male peduncle solitary 
' , without bracts 1-| in. female peduncle | in. Male : calyx-tube elongate, densely brown- villous, teeth 

- 5, lanceolate ; corolla divided nearly to the base, lobes obovate, entire, yellow veined, pubescent. 

* L. Bhisagratna, K. L. (1905). Susruia Samhita, (Eng. Trans.), 400-417 

t Dutta, U. C., (1900). Materia Medica of the Hindus, 169-313 

Xl)e,y,'K..Tu.(\%Q^). Indigenous Drugs of lndda,^6 

§ Bowser (1893). In Watt’s Dictionary of Sconomic Products 6, (4), 83 
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Female: calyx and corolla as in the male; stigma 3> oblong. Frnit f-f in. diameter, orange red 
■, glabrous smooth.. ' . 

Habitat 

Bengal (Roxburgh), Poulong (Irrawady estuary), Wallich. 

23. Triehosunthes Thimitesii Oogn. in DO. Mong. Phan, iii, 387. &jn. Tnchosanthes 
Thwaites E^n^^ 

An annual, dioecious. Leaves 2|-6 by 1^-2 in. glabrous nerved, elliptic or ovate acimiinate 
less often lanceolate, 3-nerved entire coriaceous base rounded or cordate, petioles 3 in. tendrils simple. 
Elowers somewhat large solitary. Fruit spherical shortly apiculate, 3 in. diarn., red ; seeds J in. 
numerous crowded, smooth oblong, oblique, compressed truncate at the hilum, with two indenta* 
tions at the vertex, testa blackish green. 

The species is described in FI. Br. Ind. as T. integrifolia and the author confessed that he did 
not seen the specimens. There is also no specimen up till now available in the Sibpur Herbarium. 
It may be a doubtful species. 

Habitat 

Ceylon, 2,0004,000 ft., Thwaites. 

3. GYMNOPETAnUH 

Gymnopetalum, Arn. in Hook, Journ. of Bot. (1841) 3, p. 278 ; Wight in Ann. and Mag. of 
nat. Hist. 8, p. 270 ; EndL Gen. pi, suppL 2, p. 77 ; Meisn. Gen. comment, p. 356 ; Roem. Syn. fasc. 
2, p. 17 ; Miq. FI. Ind. Bat. 1, part 1, p. 679 (Oart.) ; Benth et Hook. Gen. pi. 1, p. 822 ; Eurz. in 
Journ. Asiat. Soo. Beng. 40, part 2, p. 57 et v. 46, part 2, p* 99 ; Clarke in Hook. f. FI. Brit. Ind. 
2, p. 611. — Tripoi.aniJiem '^omi^^^ (1846) facs. 2^^ p. 11, 48 .* — Scoianihus Naud. in Ann. sc. nat. 

ser. (1862) 4, v. 16, p. 172 ; Benth et Hook, l.c.p. 822.— Bryoniae, Momordicese et Cucumeris spec, 
aiict. 

Climbing herbs ; tendrils usually simple or 2-fid. Leaves petioled, 5-angled or deeply 6-lobed ; 
flowers white rather large dioecious or occasionally monoeeious ; male peduncles in mature plants 
2 from the axil, the earlier 1 —flowered, the later longer racemose, one or^otlier often suppressed ; bracts 
of raeemed flowers large, incised or small Lanceolate ; females l-flowered usually in separate axils. 
Male : calyx tube long, contracted near the mouth, limb of 5 lanceolate segments ; petak 5, not 
fimbriate on margin ; stamens 3 ; anthers included connate, elongate one 1-celled, two 2-celled ; 
cells complicate. Rudiments of the ovary represented by 1 or 3 small linear processes. Female : 
calyx and corolla as in the male ; ovary oblong ; style long, stigmas 3, short linear, acute at both ends. 
Seeds many or few ellipsoid, compressed, margined, nearly smooth. Distrib. Five species are dis- 
tributed in India, China and Malay Peninsula. Species 7. 

Key to the Species 


in. diameter, orange red 


A. Bracts of the male racemes prominent narrowed at the base deeply lace- 

rate at apex * . . . 

B. Bracts of the male racemes oblong seiTate ...... 

C. Bracts of the male racemes simple small linear . . . . . 


1. cocJdnchhi€7iae 

2. G. qumquehbum 

3. (?. Wightii 


1. Gymnopetalum cochinchinenses Kurz. in Jour. As. Soc. Beng. (1871) xl. II, 57; 
Bryonia cotJiincMnensis, Lour. FI. Cochinch, 695 ; DC. Prodr. IE. 305 ; Momordica t'ubiflora Eoxb. 
FI. Ind. iii, 711 not of Wallich ; Trifodanthera cocMnchinensis"Roem. Synops. ii, 48; Scotanthus 
tuhijiorus'SmA. in Ann. Sc. Nat. Ser. 4 XVI, 172, t. 3 ; Trichosardhes cucumerina Wall Cat. 6690 E ; 
T. Fatoa Ham. in Wall Cat. 6695 ; Bryonia grandis Wall Cat. 6700 KL. 

A slender climber, stem 5-angular, more or less scabrous hairf. Leaves 6-angled or lobed about 
half way down ; 2-3 in. diameter, scabrous on both surfaces ; tendrils simple or 2-fid. Bracts to the 
male racemes prominent narrowed at the base deeply lacerate at tbe apex. Male recemed peduncle 
sometimes 6-8 in., usually shorter ; bracts | in., incise-serrate, lobes often again incised. Calyx 
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tube f in., villous, closed by deflexed bairs within^^ stamens. Rudimeiit of the ovary in 

the male flower 3. Petals in., ovate entire or somewhat creriate.* Fruit 2 by | in., oraiige-red, 
somewhat scabrous, with 10 longitudinal ribs, pulp greenish, not vcuy succulent. Seeds | i}y | and 
'in. thick.' 

Flowers August to November. 


Habitat 

Sikkim up to an elevation of 2,000 ft. Assam, 
Tenasserim. Distributed to Malaya and China. 


Oachar, Bengal, common. Cliota ^Nagpur. 


Oceurrence 
Bengal . 

W^all Cat. 

Bihar 

Sikkim 

Bengal 

Assam 


* • - 0* . Sibpur, 29-9-21, Coll. P. M. Debburman ; Barodl, Dacca 1 Sept, 1871 Coll. 

C. B, Clarke ; Matita, Dacca 31 Aug. 1868, ColL C. B. Clarke. 

* • . . Bangoon 14 Aug. 1826, 6700 L; Goalpara 29 Aug. 1808 Gongachera 29 May 

1809. 

V . . . Singhbhum 1 Oct. 1902— Coll. H. H. Hains. 

* . . . N. Bengal, Sikkim Terai, between Goreedora and Kuprail in jungle 30-9-68. 

* . • . Agartala, 600-800, Hill Tipperah, 11th Nov. 31st December 1915, ColL P. M. 

Debbarman. 

* . . . Makum, Abor Expedition, 21-11-1911, ColL I. H. Bnrkill ; Ha, flong 2,675 ft. 

10 Aug. 1908, N. Gachar ColL W. G. Craib ; Tangali Bam., Jaboca, 3 Aug. 

1898, ColL Dr. Prain’s collector ; Theria, Khasia 250 ft., 10 Oct. 1886 
Coil. C. B. Clarke. 

Burma . . , . . King Tung, 2, .W) ft., S. Shan States, July 1909, ColL Capt. R. \V- McGregor ; 

Arracan, Akyab UolL S. Kurz ; Baptaughar — ColLDr. MeIel!and; TeBnas- 
scrim, ColL fleifer ; Kachiin Hills, Upper Burma, 1897, Shaik Mokim ; King 
Tung 400 ft., S. Shan States, December 1909, Coll. Capt. R. W. McGregor. 
Bengal . . . , . Kodala Hill, 30 miles from Chittagong, Chittagong hill tract, September 1886, 

ColL Dr. King’s collector ; Chittagong October 1869, Coll. S. Kurz. ; Chitta- 
gong, November 1898, Coil. Mokim. 

Sikkim . . . . . Chooyoung, 1901, Dr. Prain’s collector; Renchy to Rimchinpong 2-5,000 ft., 

1 Nov, 1862, Coll. G. King ; Rungeet & Teesta junction November 1875, 
Coil. G. King. 

Peninsula India . . . Veligonda hills Block B, Nellore Dist., 28th July 1914, Coil. M. S. Ramas- 

wami. 

Malay Peninsula . . . Langkano, Kedah, Sept. 1890, ColL C. Curtis ; Pekan, Pahang, 1891, ColL 

H. K. Ring ; Perak 400-6C0 ft., July 1886, Coll. King’s collector. Sumatra 
12 Aug. 1879 ; Lampung, Sumatra 12 Aug. 80, ColL H. 0. Forbes ; 

2^. Gymnopetalmn quinquelobimi Miq. FL In<l. Bat, I pt. i. 681 ; G. keierophyllum Kurz* 
in Triinen Jourii. Bot. 1875, p. 320 ; ScoimUkus Porteanm Naud. in Ann. Sc, Nat, Ser. 5, v. 25. 

This species approaches nearer to ff. coclihichinemis. Leaves suborbicular deeply 5-Iobed lobes 
often 3 fid or subpimiatifid, narrow, subsinuate. Bracts of the male racemes oblong serrate. Kurz’s 
G. heteropkyllum agrees as described in the present species ; it is perhaps a specimen writh poorly 
developed male racemes. Kurz says the flowers is white, and quotes Bryowia heterophylla Wall, 
Cat. 6711, which obscures the whole matter, for that plant is Bryonia pcihnata wall (now Coccma) 
while jB. heterophylla Wall No. 6704 (and of which there is a solitary sheet) differs altogether from 
Mr. Kurz’s description and is a Ceraciocarpum, 

Flowers November to April. 

Habitat 

Burma— Rangoon ; Mr. Clellard. Pinang ; Portar. 


Ocmrrence 
Malay Peninsula 
Java 


Griffith. Singapore ; G. Thomson Distb. Malaya and Borneo, Malacca Hill, 
1892. 

Bantaun Dec. 1879, Coll. H. O. Forbes ; Java ColL T* Horsfield W. Java 1-3,000 
ft. ; G, Gantur, Java 1-4,000 ft., 1861, T. Anderson. 
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Andamans . . . . Mt. Hnrriel, Nov. 1880, Coll. Bavid Praiii ; Ft. Monat, S. Andaman, Coll. S. 

Kiirz ; Kamorta Nicobar Ms., February 1876, Coll. S. Kiirz. 

Upper Can* Flain . . . Banda N.W.P., Indrayan, Aug. 1002, Coll. BIrs. A. S. Bell; Klieri (Oudb). 

21 Aug. 48, Coll. Inyat 

N. W. Himalaya . . . Behra Bun 12 Sept. 1870, Coll. G. King : 

Burma ..... Moulmain, 10 Feb. 20 ; Silehmyo, 1 Feb. 68, J. Anderson. 

Ik .GymnopeMum WighUi Arn., in Hook J. Bot. iii (1841) 278, G, zeylanicmn km. 
l.c. ; 'Brymia iubifl'Ora W. & A. Prodr. 347 ; Cucurbita umbellata Wall Cat. 6724. 

LeaveB 5 angled or lobed, 2 in. in diameter, more or less pubescent on both, surfaces, denticulate, 
lobes acute or obtuse or 0 ; petiole 1 inch. Male racemose, peduncle 2 in. ; flowers crowded, sub- 
umbellate ; bracts | in. linear, pedicles often | in. ; peduncles of the female flowers | in. Calyx tube 
I in., slender with scattered hairs or very pilose, lobes, lobes small. Petals | in. (yellow according 
to Arnott & Hook., white according to Thwaites). Rudiment of the ovary in the male flower 
simple. Fruit l|-in. more or less hairy, not ribbed. Seeds | by | in. without corogations or 
angles. 

Flowers October to January, 

Habitat 

South Deccan Peninsula, Wight ; Canara, Hohenacker No. 622. Ceylon, ascending to 5,000 
ft., Walker, Gardner, Thwaites. 


Occurreme 
Peninsular India 


Peninsular India . . . Kavelay Coebin, 2,000 ft., Nov. 1910, Coll. A. Meebols ; Karimalai, S. Malabar 

4,600 ft., 12 Jan. 1910, Coll, C.E.C. Fischer; Maliyamaduyam 4,000 ft, 11 
Sep. 1906, Coll. C. E. C. Fischer ; Madras, 

Ceylon . . . . . Central Province, up to an elevation of 5,000 ft., Coll. Thwaites. 

4. Biswabea 

Biswarea Cong, in Comptes-rend. Soc. Bot. Belg. (1882, xxi), 16; Warm of C.B. Clarke in J. 
Linn. Soc., 1876, XV, 127. 

Extensively scandent herb, tendrils 2 or 3 fid, long petioled, ovate or deeply 5dobed. Flowers 
large, yellow, dioecious ; males frequently with two peduncles from one axil, one early deciduous 
l-flowered the other bearing a raceme without bracts ; females solitary or with long peduncles. Male : 
calyx tube cylindric, narrow, then suddenly widened campanulate, subhemispheric, teeth 5 linear ; 
petals 5, ovate nearly separate, entire ; stamens 3 ; anthers connate, included, one 1-celled, two 2-celled, 
cells conduplicate. Female: Calyx and corolla as in the male; ovary oblong; style long with 3 
wide stigmatic lobes ; ovules horizontal, many, placentas 3, vertical. Fruit oblong, attenuate at 
both ends, 3-angular, 6-ribbed, 3-valved, usually to the base. Seeds in each cell about 16, in two 
rows, horizontal, compressed, ellipsoid, smooth. Differs from Gymnopetalum by the large cam- 
panulate mouth to the calyx ; by the divided tendrils, and the anthers extend from the tubular portion 
of the calyx. 

Biswarea tonglensis Cong. l.c. Warm tonglensis C. B. Clarke in Jour, Linn. Soc. xv 129 ; 
Gy7nnopetalum sp. No. 6, Herb. Ind. or, H. f. & T. 

Stem and peduncle nearly glabrous. Leaves 6-9 by 4-6 in., polymorphous, cordate denticulate, 
nearly glabrous ovate acute or 5 lobed or cut nearly to the base into narrow segments ; petioles 4 in. 
Male peduncles 8 in. ; pedicles J-| in. calyx tube L|-in. pubescent, cylindric portion more than f in* 
Petals I in. Fruit 4 by l|-in, included in Herpetospermum by J. Hooker in Gen. PL i, 839. 

Flowers August to October. 

Habitat 

Sikkim, Alt. 6-1,000 ft., very common ; h.f.j.d.h. ; Tonglo N., C. B. Clarke. 
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X. .W. Himalaya' 


Tranda, Cell. DI^ Stoliedca. 

SeBclml, ColLaS. Kiirx ; aixive Phadoiiehen T-I/Mmi ft. iO Aul^. f'nlL \V, W, 
Smith; Riingbie 6,fM:)0 ft. 21 July 1870; Seiiehal S.fHH) ft. .Darjeeling j;uli 
June, Cyi. 0. B. Clarke ; Taiigloo 8,500 ft, 8 Get. 75, ColL W. Oaiuble ; 
Sikkim 8-10,000 ft. Coll. J. D. Hooker; Tangloo 0,OfK) ft. Darjeeling 13th 
Sept. 1S75; Darjeeling, 8,500 ft., 3rd Se})t., 1875, CVjIL C, B. (larke; 
Sikkim Go]]. Q. King. 



5. Laoenabia . 

Lagencma Ser. in Alem, Boc. Phys. Genev. (1825) iii, 1. 25 t. 2, et in DC., Prodr., 3, p, 299 : W« 
et Arn. Prodr., 1, p. 341; Spacli.:Veg. p]mn.,"f>, p.-'194 ; Meisn. Gen., p. 127d91) ; Endl. Gen. p.' 938 : 
Torr. et' Gr. Pl.^ N. Am.er,, 1, p. 543"; Roem. Syn., .fa.se. 2, p. 13, 60y Aliq. FI. Ind. Bat., i/pars 1, 
p, 668 ; israud. in Ann. sc. iiat ser. 4, v. IS, p. 91 ; Har\y et Bond. FI. Cap., 2, p. 489 ; BentlL FI 
Austral, 3, p. 315 ; Benth et Hook. Gen., 1, p. 823 ; Hoof, in Olie. FI. trop. Afr., 2, p. 529 ; Cogn. 
in Mart, FL Bi*as., iasc. 78, p. 7 ; Clarke in Hook, f, FI. Brit. Ind. , 2, p. 613.-“ 4?ai(nu‘bita Tourn. Instit., 
p. 107 ; Adans. Fam., 2, p. 138. 

Large climbing lierbs, tendrils 2-M ; leaves ovate or orbiciilar, cordate, dentate; leaf teetli 
glandular; petiole long, with 2 glands near its apex. Flowers large, white, .solitary, monoecious or 
dioecious ; males with long and females with short peduncles. ScjiaLs 5, connate in a funnel shaped 
or subcampaniilate tube ; lobes of timb narrow. Petals 5, obovate free. Male : stamens 3 ; anthers 
connate included, one 1-celled, two 2-celled5 cells conduplicate. Female : carpels 3, connate in an 
oblong, 1 celled ovary ; ovules many, horizontal, in 3 vertical placentas ; style short, with 2-fid, 
stigmatic lobes. Fruit a large, thickly coriaceous or almost woody polymorphous lierry, usually 
broader upwards. Seeds numerous, horizontal, smooth, with marginal groove. 

Lagenario imlgaris Seringe. iniMern. Boc. Phys. Genev. iii, 1 {1825), 23 ; £. vitiata, hispida 
and idolairica Seringe I.c. 299 ; Cuciirbiia Lagcaaria Linn. ; Lamk. III. t. 795 ; Roxl). FI. Ind. iii, 718 : 
Wall Cat. 6719 — Eheede Hort. Mai. viii t, 5, 

The Bottle gourd. Yern. Sans. Ahha (cultivated form), hutnmhi (wild form) ; Hind. Kaddii, 
alhiddu, golkoddu, Imiki, gliia, lauJca, km (cultivated form), hunri, tikdau (wild form) ; Beng. km 
(cultivated form), tiki km (wild form) ; SantaL Kudu ; Nepal. Plmsi, Ivndra ; Pb. Knddu, lauld ; 
Tam. Fonai-lm, Fliora hii ; Tel. Kvndammga ampa-chefta. 

An amiual, climber with velvety hairs throughout, tendrils 2-fid, stems stout, 5-angied, leaves 
up to 6 iu., ovate or round, 5-angular or lobed leaf teeth glandular base notched, toothed, stalk long 
with 2 glands at the apex; flowers 2-4 in. diam., white, solitary, male and female on t-he same or 
different plants, male flowers on stalks 1-6 in. long, female on stalks 1 in. long. Some flowers are 
apparently with ai)ortive ovary. 

Male flowers : Calyx tube 4 in. long, funnel shap'|)ed, velvety, teeth 5, narrow, petals 5, 1-2 
in. long, hairy on both sides, crumpled ovate with a luoad tip, stamens 3, anthers joined, enclosed. 
Female Jlowers : calyx and corolla as in the male. Btyle short with SAid, stigmatic lo])es ; fruit up 
to 6 ft. in length, round, or bottle sliapped, thick, almost woody when ripe, seeds b}^ | in., in. 
thick, with a grove parallel to and near the margin, white. Petioles — number of bundles 10, hollow 
at tliG base and solid at the end with a vascular strand running through the hollow tubular petiole. 

Flowers Doc(3mber to April. 

Habitat 

Extensively cultivated throughout India and in many parts of Australia, America and China ; 
sometimes also found in wild state in some parts of India, the i\roluccas and Abyssinia. 

Medieiaal aad other uses 

The seeds were originally one of the four old Cucurbitaceoiis seeds of the ancients but pumpkin 
seeds are now generally substituted for tliem ^(Dymoc-k).'^' They are considered cooling and are 

i }rafma Medka JFesL India 1855, i>jid Ed. 340. 

B 
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^iveii internalh' as a rauiady for ]iecldaf*)K^ The oil from the seed is externally employed in head- 
a*dH*. TIm‘ pulp of rlii‘ wild fnrm (tuniri) is puiymtive, sometimes it acts as a strong purgative. Lind- 
Jey statics that reitaiii sailors were poisoned by beer which had been standing in a hollowed bottle 
gfmr<1. the sytii])toms profluced being similar to those, attending cholera. It is said to be largely 
used by tli«‘ lower class people* in the Punjab, as a purgative for horses. The pulp of the cultivated 
ibrm is o^'casionally employed as an adjunet to purgatives, and is also considered cooling, diuretic, 
antibiliou.s, useful in coughs anti as an antitlote to certain poisons. It is applied externally as a 
poultice and as a cooling appli<*ation to the shaved head in dilirium. The leaves are purgative, 
and are recomrijended by tiindu jdiysicians to be taken in the form of decoction for jaundice. The 
juire of the, leaf is given for eliildren's diarrheea. 

TJic cultivated forms are eater} both by Indians and Europeans. The latter boils the young 
iruLt and take, as vegetable marrow. If hanged in a free current of air it will keep well for three or 
four months, hence it nun^ be used as a vegetable for sea voyages. The young shoots and leaves 
are also considered good vegetable by the Indians. 

Eeonomia iish : The dried shell of the fruit of the bottle shaped gomxl is used as a bottle for 
water and by the Xagas for holding their zu or beer. The small wild form tumri is used for making 
string instniment.s like sitar and bina. The latter instiTiment is principally used by snake charmers. 

In Deccan and other localities, the hollowed-oui gourd is used as a float for crossing rivers, foxir 
or five being considered sufficient to support a Biain ^ 




Ocmrmtae 
Sikkim . . 

Bengal 

Peninsular India 
Upper Gaiigetic Plain 
^ H. W- .Himalaya 
x\ndamans 

Bihar . . 

Assam 

Burma 
Assam 


. Kalijhora 1,000 ft. 11 Dec. 15, Coll. G. H. Gave ; Great Ranjiet valley. Coll. 
'S. Kurz. 

, Thana Makua, Sibpur, 9th May 1916 ; Agartala 500-800 ft., Hill Tipperah, 
Coll. P. M. Debbarman. 

. Madras ; Sind 27 th January 1896 ; Bombay. 

, Banda, U. P. 19th May 1903, Coll. Mrs. A. S. Bell. 

. Soa valley 4-5,000 ft., Sept. 1895, CoD. J. H. Lace. 

. Banga eliang, April 1891, Coll. Br. Prain ; Manpur, S. Andaman 13*12*1892, 
Coll. Dr. King’s collector. 

. Chota Magpur, 24 Aug. 75, ColL J. T. Wood, 

. Mangaldai, March 1902, Coll. A. 0. Chatterjee ; Margherata, February 1902 
Coll. A. C. Chatterjee, 

. Pegu, Irrawaddy and Sittang valley, Prome, Coll. S. Kurz. 

. ICohima in the Naga hills, Manipur 3-6,000 ft,, April to August 1892 ; Katcha, 
February 1875, Coil. S. Kurz, 

6. HerpetospehxVIum 

Herpefospemum Wall Cat. n. 6761 (1831) Hook f. in Beiith.. and Hook. Gen. PL, 1 , p. 834 ; 
C. B. Clarke in Hook. f. PL Brit. Ind., 8, p. 613 ; Rampima, C. B. Clarke in Journ. Linn, 
Soc. 1876, 16 , p. 129 ; Bryonise spec. Auct. - 

Extensively scandent, tendrils 2-3-M. Leaves long petioled, cordate, ovate, little lobed. Flowers 
large, yellow, dioecious; males frequently witk two peduncles from one axil, one early deciduous 
1-flowered, the other racemose without bracts females solitary on very short peduncles. Male : 
calyx-tube elongate, cylindrio at the base, above narrow funnel shaped ; teeth 1-5, long included, 
one 1-celled, two 2-celled, cells conduplicate. Fetmh : calyx and corolla as in the mal p ; ovary 
oblong, 3-ceIIed, style long, with three oblong bifid stigmatio lobes ; ovules pendulous, 4-6 in each 
cell. Fruit broad-oblong, narrowed at both ends, 3-angular, irregularly sinuate-costate, valves 
three separating from the axis nearly to be base. Seeds in two rows in each cells, flat, oblong, pen- 
dulous, the lower end corrugate or almost 3-lobecL 

Herpetospernmm camligerum Wall Cat. n. 6761 ; Bryania pend^ncuhsa Seringe in DC 
Prodr. lii, 306 : Bampinm herpetospetmoides C. B. Clarke in Joum. Linn. Soe. xv, 130, 

Stem and pe<luncles more or le.ss pubescent. Leaves 3-6 in. long and broad, usually pubescent 
on both surface.s. Serrate acuminate ; petiole 2-4 in. Male peduncle 8 in., pedicles 1 in. hairy. 
Calyx tube 1 in., pubescent outside. Petals often 1 in. Rudiment of the ovary in the male linear 
simple. Fruit 3 by 1-| in., more or less pubescent, Seeds usually 12, sometimes 18, by J and in’, 
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thick, often exhibiting when .dried wavj marks on the surfacCj packed in a, fibrous almost juiceless pulpi. 
Wallich's Khasi. specimen exhibits ripe seeds which are very narrow,. in.cised at the lower end so that 
the middle lobe appears as a spinous tooth. Lady Dalhousie's eollectioiis of specimens at Simla 
are nearly glabrous with smaller flowers. Herpetospermmn of Benth. and Hook. f. Gen. FL i. 834 j 
described from imperfect materials included //. caudigemm, Warm tonglemis and Edgmia imjee- 
Uftgensis. The generic character did not fit Warea or Edgarm and required emendations to the 
ovules and seeds of Wallich’s Herpetospernmni. 

Flowers August to September. 




llabkat 

Temperate Himalaya, from Simla and Kumaon to Bliotan, alt, 0 , 000 - 8,000 ft. 
in Sikkim, Khasia Mts. ; Wailich. 


very coiiiinoii 


Occurrence 

N. W, Himalaya 
Sikkim 


Aiwar to Baira 4-6,000 ft., Chamba State, SOtli Sex>t. 1898, ColL J. H, Lace ; 
Debra Dun 1870, G. King ; Simla. 

Giieung Chang, 6,000 ft., Coll. Ribu and Rhomoo ; Garden of Laslia bouse , 
Tibet frontier commission 1904, ColL H. J. Walson; Sincbal 8,000 ft., Dar- 
jeeling, iofcb Sept. 1876, ColL C. B. Clarke ; Sikkim, 8. Kiirz ; Sikkim, 7 - 
9,000 ft,, Coil. J. D. H. ; Laehung 9,000 ft,, 27 Aug, 92, ColL G. A. Gammie ; 
Kaljorinie, 10,000 ft., Aug. 1888 — ColL D. Gingts colleetdr ; Youratham 19l) 
Dr. Prain’s collector. 


7. LufFA 

Luffa, Tourn.' Act. Acad. Paris, 1706, p. 84, tab. 6 ; Dill. Nov. Gen. p. 156 ; tab, 11 ; Adans^ 
Fam* Sj p. 138 ; Cavan. Icon, i, p. 7, tab. 9, 10 ; Vent. Tabl. p. 513 ; Wilkl. Spec. 4, p. 380 ; Foir. 
in Diet. sc. naL 27, p. 287 ; Bl. Bijdr. p. 922 ; Ser. in DC. Prodr. 3, p. 302 ; W. et Am. Prodr. 1, p. 
343 ; Roxb. FL Ind. 3, p. 712 ; Spach, Veg. phan. 65 P. 217 ; Meisn. Gen, p. 126 ; (91) ; End! Gen. 
p. 937 ; Am. in Hook, Journ. of Bot. 3, p. 277 ; Wight in Ann. and Mag. Nat. Hist. 8 , p. 269 ; Roem. 
Syn. fasc. 2, p. 14, 63 ; Miq. FL Ind. Bat. 1, part. 1 , p. 665 ; Naud. in Ann. sc, nat. ser. 4, v. 12» p. 
118 ; Harv. et Sond. FL Cap. 2, p* 530 i Benth. FL Austral., 3# p. 316 ; Benth. et Hook; Gen. ft p, 
823 ; Hook. f. in Oliv. FL trop. Afr. 2, p. 530 ; Cogn. in Mart. FL Bras. fasc. 78, p. 9 ; Clarke in Hook, 
f. FL Brit. Ind. 2, p. 614 Turia Forsk. FL Aegpt. Arab. p. 165 (1775) ; Poir. in Lam. Enoycl. meth. 
Bot. 8, p. 139, et in Diet. sc. nat. 56, p. 124 : Ser. in DC. Prodr. 3, p. 303, Meisn. Gen. p. 127 (92) ; 
— Trevouxia Scop, Introd. p. 152 (1777) ; Juss. in Diet, sc, nat. 55, p. 180, Poppya Roem, Sym 
fasc. 2, 'p. 13, 59 (non Neck),— Momordicee, Cucurbitse et Cucumeris sp. auct. 

Annual herbs. Tendrils 2-many fid. Leaves 5-7 lobed (rarely subentire) with glands in rows 
on the lower surface of the leaf especially on both sides of the prominent veins ; petiole without glands 
at the apex. Flo\vers monoecious (rarely dioecious), rather large, yellow* or w^hite, males and females 
often from the same axil. Male fiow*ers racemose. Calyx tube campaniilate or turbinate; lobes 
6 , triangular or lanceolate. Petals 5 free, spreading, obovate or obcordate. Stamens 3 (rarely 5), 
inserted on the calyx tube ; filaments free or connate ; anthers exerted, free, one 1 -coIIed. the others 
2 -celled, the cells sigmoid, often on the margin of a broad connective. Rudimentary ovary glanduli- 
form or 0 . Female flowers solitary. Calyx tube produced beyond the ovary ; corolla as in the male. 
Staminodes usually 3, thick. Ovary elongate, sulcate angled or cylindric, 3-placentiferoiis ; ovules 
numerous, horizontal; style columnar; stigma 34obed. Fruit dry, oblong, or cylindric (not sphe- 
rical), acutely ribbed or terete, smooth or echinate, fibrous in the 3-ceIied, terminated by the per- 
sistent style, usually circumsciss near the apex. Seeds many oblong, compressed. 

Species 10 , in the tropical regions of the old world one species indigenous in America. 



yO OTB INBIAN JO0BXA.L Olf AQEIOULTUBAL BGIE2s'OE , . [A:VI 


Kky to the spEcms 

A, Siarnen^ 5 . ^ 

IG ^lalciKMiidosHuslonxlm^^ . . . ... . I, R gmveolem . ^ i 

BB. Male limvm race med on long pcduucleB . . . . . 2 . L. oykndrka 

AA* 8tamenB Z ■ 

B. fruit angled 

Fridt elongate 10 aiigkd, CO veml by spines or papillae . . . Z, L, aotdanguk 

BH. Fruit not angled [ 

Frint (diiptie, densely eovenxl witJi bristles, . . A. L, echmata \ 

OA Young fruit spinous, spines densely wooly filaments free . . 5 , L.nmbeUata 

1. Luff a gruveulens Roxb. Hort, Beng. 70 ; Wall. Cat. 6752 ; Naud. in Ann. Sc. Nat. Ser. 4, ;; i 

124 : Kiu'x, in Journ. As. Soc. 1877, pt. ii, 101. 

Stonus slightly villoas; tendrils from tliree to four cleft. Leaves iTmifomi; ^ 

and always toothed, axillary, punctuate. Scabrous above, pubescent on tlie nerves beneath ; petiole T 
2dj in. Male perlicies few, much shorter than the petiole. Petals 5, | in., yellow entire ; stamens 5. 

Female pe<luncle short, sometimes divided with 2~3 flowers each pedicel carrying a >sniall ovate entire 
thick bract in. Fruit 2 by 1 in., covered with pepilte. Seeds scarcely I in., very many, i>acked 
in fibres, smooth not niargined 
Flowers August to September. 

Ilabiiai 

Sikkim 1,000-2,000 ft. ; j'.p.H., Rajmahal hills ; Roxburgh. Plains of East Bengal ; C,B. Ciarke. . 
Chittagong, Kurz., Distril). North Australia. A native of the Rajmahal hills, from thence the seeds 
were brought to Botanic Garden, Calcutta, w^here the plants blossomed during tlie rainy season and 
the seeds ripened about three months afterw'ards. 


Ocairnmce 






8ikkiiu 

"Bibar 


iSikkim Tcrai, N. Bengal, Ivuprail, Sepfc. 1868, Coll. 8. Kurz 

Cfaota Nagpur 24‘875, Coil. J. J. Wood 
1902, Coil. I)r. Prain ; 


Jatta Pagoda, Simtlribans, 7th Aug. 


• ^ 2 . Luff a eylimlrica (.Lour) Roem. Pejjon, 63 ; Naud. in Ann. Sc. Nat, Sei'. 9 , xii, p. 119 ; 

Kurz. in Journ. B. Soc. 1877, pt. ii, 100 ; Sampson in Kew’' Bull Ser. 12, 1936, p. 106 : Luffa wgiyptiaca 
Mill. Gard, Diet. ed. viii ; DC. Prodr. iii, 303 ; L, pentendra Roxb. FI. Ind. iii, 712 ; "W. k A. Prodr. 
393 ; Wall Cat, 6751 ; Wight Ic.t. 9999 ; L. mcemosa Roxb. Lc, 715 ; L, clarata Roxb. Hort. Beng. 
104. FI. Ind. iii, 714 ; L. amtangidu W. & A. l.c. not Roxb. L, Petola and GMivincinnu Seringe in 
DC. i.c. : L. Parvala Wall. Cat. 6758; R Gosa, Imlemcea and Batpatia Wall Cat. 6753, 6755, 6757 : 
Brijoma cJimophylla \YaIL Cat. 6715 A ; Momordim Luffa Linn. 

Vein. Hind. Ghki^ tamk punih ; Beng. Dlmn-dul, dhmndul ; Assam. Bhoh h/nfikereh, hhat- 
htlrel ; Nepal pado ; N.W.F. Ghiya ioroi, Ghiya tori ; Kumaun. Tarod, gliiya taroi, turai, clkandal : 
Pb. Gliia fori, ghi iurai, ghigmidoli ; Sind. Tmi, lumda ; C.P. Dilpumnd. \eldoaka ; Bomb, Ghoml 
parosij ixmda, tun, gonsali ; Gurz. Turin ; Tel Ctdlibera, neiihera, uunehim : Burma. Thabirol, (ha 
pwofd-na; Sing. Nmjang^mdfucoh ; Rajakostratahi ; dirgJmpatoUka ; Arab. Liiff: Pers. KJmjan 

Monmeious, climbing to a considerable height. Stem stout 5-angled, twisted glabrous or slightlv 
pubescent, often scabrous at the angles. Tendrils usually 2-ficl Leaves orbicular reniform in outline, 
4-8 in. long, often broader than long, palmatcly 5 (rarely 7) lobed, the lobes acute or acuminate, 
lobulate and distantly denticulate, both surfaces finely scabrous,, punctate, glabrous except the pu- 
bescent nerves beneath, base deeply cordate ; petiole 1-4 in. long, angular, slightly scalu'ous. Male 
flowers in axillary 4-20 flowered racemes, usually cro\vcled near the top of the raceme ; peduncles 
4-6 in. long ; pedicles in. long, pubescent, articulated near the apex, each bearing a small lanceo- 
late glandular bract at, or more commonly, a little above its base ; buds ovoid, pointed. Calyx 
pubescent, ^jr in, long; lobes lanceolate, acute, | in. long. Petals s|)reading, 1 in. long, obovatc 
oblong, yellow with green veins. Stamens 5, distinct. Female flow^ers solitary, usually from the 
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siniie axil as tiu.^ malf.*s ; pedunc/les short'. io/ long. Staiiiinodes iistiaily o. ovary cyliiidiicvctf 
soniowhat trig<MK)us. blunt at the end niai'ked with iongitiidinal lines. Seeds hiae.k or giw, § 

I in., miicli (N)nlp^(^ss^M]. narnnvly winged, sinootli oivslightly tuberciilato. 

Flowers August to February. 


liabitMt ■ ■ 

^ Throughout India vf'vy (.nnnnon. often eultivafced. Di.stril> : cultivated tliixmglt,out the tropics : 
native coiiBtr}MU)Cfnta.in (N^ 


Medicinal and othe^^ 

The seeds ai'e sairl to l>e enietie afKlehathai’tic like those of Lnffa (wutcimjiiki. The fruit is edible 
and is used in currieSj etc. Tlie dry fruit, wliieh is filled with an interwoven net work of fibre ig used 
as a skin hj'usli during batli. 


Ocmrmiee 


Wall:, Cat. 


Upper Gangctie :Plain 
Sikkim 


Assam , 


Sikkim 

Peninsular India 


(1 India * 
Andamans 

Malay Peninsula 


. Dutanic (iarden, t'aleutla, wild on iliie river side ITtli N0V4 1915, Coll. I). M* 
J)(d.)}>arrnan Walk Cat. 6715 Bi Wall. Cat. 0755 x4 ; Nathpur 27tli Aug. 
1810 ; Prome 1826 plrrawaddy 7th Sept, 1826 ; Sylhet. Wall. Cat. 6688 F*; 

. laiekiKm. loth Nov. 1891 yCo. Di\ Prain. 

. N. Bengah Sikkim Terai, between Kuprail and Goredoora, in the jungles ; 

. Hil*)')ur. S. Kiirz ; Badeea, E. Mymansing, 20th Nov. 1868 ; Bangamura, 
r)(M.)-,S5o, Cld Agartala, Hill Tipperah, Coil. P. M, Debbarman ; Chittagoiig, 
November 1898, Coll. Mokim. 

. Tliaria Chant, Kliasia, 28th Sept. 1807 ; Mont. Khasia 0*1,000 ft., Coll. J. D. H. 
& T. 1\ ; Diiubri, June 1002, Coll fSk. Afokim ; Bibsagar Assam, Ala v 1886, 
Coll. C. Alanm ^ 

. Aammethin Dist., Kaing Beserve, 22nd January 1009, Nyanngbbin Reserve, 
Inscin 18tli Nov. 1935 ; Salween Dist., January 1912, Coil. A, Aleebold ; Xeng 
Tung 4,000, S. Shan States, (>;dL W. MacGregor; Pegu-yomah 25*1*68, 
(.’oil. S. Ktirz ; Sliainrmagali 14th Jan. 1968 ; Coll. J. Endersoii ; Afoul mein ; 
Alinbu September 1902, Sk. Alokim ; Peguyomah 25tlt Jan. 1968, Coil. S. Kurz. 

. j*«nkaba]*i 10/68. Coll. S. :Kur7, ; Sikkim Terai, 10-11*57. Coll. T. & T. ; Sivoke 
• 28-10-78. 

. Sadivaiyak Boiampa tty valley 1,600, Coiinbatox’e District, 2o-2*1917, Coli 
C. :B. C. 17sch{cr ; Travan(we, Dexiember 12*1894; Para mbicolam, 3-4,000 
tt., CV>ehln, Nov. 1910, (Wll. A. Meebold. 

. June 1870. ' 

. Cape Town, Coll. 8. Knrz ; S. Andaman, April 1890, Coll. G. King; Kamorta, 
Nneobar Ms., Coll. S. 

. Kinta River banks, Perak Deceniber 1880, Coil. Dr. King’s collector ; Java, 


3 , Lnffa acutangida lioxb. Hort. Beng. 70 ; DC. Proclr. iii, 302, Wall. Gat. 6759 ; Hook. f. in 
Oliv. FI. Trop. Afr. ii, 530, excl. syn ; Knr?;. in Journ. As. Soc. 1877, pt. ii, 101, c.xcl. many .syii ; Ou- 
ciimis acutangida \\‘d]l. Cut. CuM. 

Vern. Hind. Tomi. jinga. htri ; Beng. Jhingu.jinga ; Uriya. Jauld ; SantaJ. Paror jhinga ; Kcpal. 
Rmnioroi ; Hal. (S. P.) Pmclienggali ; Bimclel. Kali lam, salpaltiya ; N.W.F. Terai, kali iaroi, torai, 
mlpaliga, jagifiga ; Kuinaon. Torie ; Kangra. GIiemr gimdoU ; Ph, Kali tori, iurai, jhinga ; Bind. 
Tmi ; (IP. Dw'ka ; Bomb. Turin ghimila : Dec. Tnrai ; Tam. PiA-tMdai ,* Tel. Bmkai, birkaya ; 
Kan. Jlirekayi ; Tain. Pikunkai ; Tel. Biirkai. hira kaya ; Malay. Vjinji ; Bumi. Tha-bmt-kJia-ivai ; 
tha pivot ; Sans. Jhingakn ; Pers. Khiyar. 

Monoecious, climbing to a considerable heiglit ; stems 5-auglcd, glabrous with sliarp angles n’bicli 
are often scabrid. Tendrils usually 3-fid. Leaves orbicular in outline, pale green, 6-8 in. long and 
broad, palmately 5-7-angled or sublobate, scabrid on both sides, base cordate ; nerves and veins 
prominent beneath ; petioles 2-5 in. long, angular, scabrid. Male flowers in axillary 12-20'flow'ered 
racemes 4-6 in. long; Calyx pubescent obovatc, yellow' with green hairy veins. Stamens 3. Male 
flowers, solitary, in the same a.xils as the. males ; pedflncles 2-4 in. long, ovary strongly ribbed. Fruit- 
6-12 in. long clavate-oblong tapering towards the base, very obtuse, smooth, longitudinally ribbed 
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{alnio.st wiiigiNl) witli io sliarp angles. Seeds | by I -3 in. ovoid-oblong, nuicli compressed slightly 
corrugated on the .sides, nut winged, black. Vhjry clo.sely allied to L. mgyptiam from which it differs 

in thfMiuniber of .'itaniens. the .strongly ribbed ovary, the fruit and the seeds. 

.Flowers Xovenibf^r to Jiine. 

Ikibiiid 

(;ultivjife<l, extvumvely in Hortli West India., Sikkim, Assa.in and Eastern Bengal ; distributed 
to C.Vylun and Malaya. 


M eJ'icimd ' and other tises ' 

The seeds possess emetic and purgative properties but to a marked less degree than var. amara, 
F)r. Emerson states that the loaves are used locally in splenitis, haemoiThoids and leprosy. Aitchison 
writes " the loot is used in nmdicine "t 

The juie.e of the fresli leaves is dropped in to the eyes of children in granular eonjunctivities, 
also to prevent the lids adhering at night from exces>sive nieibomian secretion. (Hon. Surgeon P. 
Kinsley, (’hikakole, Ganjam. Madras). 

Oil "The seeds oi‘ this s])(‘oies like those of the most other Cucurbitaceous plants yield an oil. 
i t is believed to possess vsimi far properties like the oil obtained from the melon. 

The fruit is liighly esteemed in India and is much eaten, either in curries or dressed with clarb 
lied butter, when lialf grown it is one of the best indigenous Indian vegetables, and when boiled and 
dressed witli butt(u\ pepper and salt is very palatable. 


Oecurrnnee 

Wall. Cat. 

Central India . 

X. W. Prov. . 
Beng. . . 

Burma . 
Laccadives ' ' . 
Peninsular .India 


Gongchora, iSth Jime 1800 ; 6736C ; Royal Botanic Ciardeiu Calcutta 
6750 B;' 

Jodhpur, February March 1868 ; Mar war 1868, Coli. G. King ; Guna, Coll. Dr, 
Barkja3\ 

Dehra Bun, 1870, Coll. G, King ; K W. India, ^ 

Sibpur 5/67, Coll. S. Kurz ; Bamunpukri 5 Xov. 76 ; Dacca loth Sept. 1868, 
Coll. C. B. Clarke ; Agartala 600-800 Hill Tipperali, Coll, P. M. Debbarman 
Pegu, Paddy ridges, ColL S. Kurz. 

Minikoy, Dec*. 7th, Coll. H.M.I.M., Investigator. 

Gudiir 3 Feb. 1929, Nelore Dist., ColL K. Churian Jacobs. 


Yar. Amara Roxb. FI. Ind. iii, 715 (sp.) ; Wall^ W. & A. Prodr, 343 ; Dulz. & Gibs. 

.Bomb, FL 102 ; Naucl. in Ann, Sc. Nat. ser. 4, xii, 123 ; L. Pkikeneiiam ser. in DC. Prodr. lii, 302 ; 
Momordica tnbijiora Wall. Cat. G749 ; L, amara Roxb. Woodr. in Journ. Bomb. Nat. (1898), v. 11 
p, 640. 

Yern. Sans. Koi^Iialakh ; Hind. Karvitari, kamotarui ; Beng, GhosJm-Iata, tilo-jhmga, tito-loroi^ 
tito dhundul ; Dec. Kurui iurai ; Bomb. Koda sirola, kadu dorka ; Mar. Kadu dodaka ; Tam. Pepirk* 
kum ; Tel. Adavi-bira, cJiedii bira, veri him. 

Leaves smaller, at first whitish and softly villous, at length scabrid. Flowers smaller. Fruit 
obovoid, obtusely conical at both ends, 2-4 in. long by about 1 - 1 |- in. thick lO-ribbed, bitter. Seeds 
smaller. 


Ihibifjit 

Met with all over India especially on the Western side. 

Medmmil use 

Roxburgh*^ first pointed out the medicinal properties of this plant. He remarks,—" Every 
part of this plant is remarkably bitter the fruit is violently cathartic and emetic. The juice of the 
roasted young fruit is ap plied to the temples by natives to cure headache* The seeds either in fusion 
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or raw, are used by tbeBi to vomit and purge.’ In Pharmacopoeia of India the plant is described 
as bitter, tonic and diuretic but the vernacular names applied to tliis jdant as lU/iila or hhidaJ, it 
appears to be misrepresented for MomonUca cJmrantia, Dymock'^ writes, ^ The leaves are bitter 
the fruit less so ; the former in Bombay are used as an external application to sores in cattle, in 
dog bite the pulp of the fruit is given with water ; it causes vomiting and purging. The Juice is ap- 
plied in different kinds of bites, and the dried fruit is iised*as a snuff' in jaundice. Tlie root with 
equal parts of the root of II ibmtis rosa-sinensh (vern. jaba) and Hemidesmm. (vern. anantamul) is 
given with milk, cumin and sugar in gonorrhda. From the following interesting note by Moodeen 
Sheriff it tvould appear that the seeds, if carefully prepared and administered, are of considerable 
value as a specific for dysentery. Should this prove to be correct, the drug would I)e a cheap, easily 
obtained and most valuable substitute for Ipeeaciianha. 

*' The mature and dry seeds of both Luffa aciitanguh and L. muam are emetics, but the action 
of former is very irregular and uncertain. In some cases, they act in twenty to thirty-five grain dosses 
pretty satisfactorily, but in others they either do not act at all or act violently and continue to pro- 
duce vomiting for many hours. On the other hand the action of the seeds of L. amara is very sure, 
safe and efficient in the same or somewhat smaller doses. The Hindu practitioners are aware that 
the fruit of L. amara is emetic but they do not know what particular part of it possesses that property. 
They xise the seed and all other parts together in fusion. One entire fruit, generally of middle size, 
is bruised and infused in some cold water at night, and the liquid is strained through and adminis- 
tered in the morning. The action of this draught is generally very irregular, uncertain and often 
accompanied by gripping and is therefore very unsatisfactory. I liave used the different parts of 
the plant separately and found the emetic property to reside in the kernel or cotyledons of the seeds. 
The seeds are dark brown, oblong or oval, flat rough with minute elevated dots, margin turned, and 
only distinct at the base. The length of the seed varies from one-third to half an inch, and the breadth 
from three to five line ; the kernel is albuminous greenish white, very bitter and oily. The kernel 
of the seed is the best and forms the only vegetable emetic in India which is equal to Ipecacuanha in 
the same quantity. In smaller doses it is expectorant and also demulent, owing to its containing 
albumen and oil. In addition to the above properties it has a great control over dysentery. I have 
used this drug and also Ipecacuanha, separately, in several cases, in same manner and doses, and 
found it to be at least quite equal to the latter. The dose of the kernel as an emetic is from twenty 
to thirty grains : as a nauseant, from five to ten grains. When the kernel is rubbed and mixed *with 
water it forms a greenish- white emulsion, ’which is the only form in which I have yet used it.* (Hon, 
Surgeon Moodeen Sheriff, Khan Bahadiir, Triplicane, Madras.) 


Occwrenm 


Peninsular India 

Assam 

0 . 1 . 

N. W. Himalaya 


Aladras 

Goalpara 

Marwar Rajputana, Guna, Aug. 1807, Coll. CC King 
Delira Dun, Sept. 1860, Coll. G. King 


4. Ltfjiya ecMwaia Roxb. Hort. B Roxb. FL Ind. iii, 716; Wall Cat. 6756; W. & A. 

Erodr, 343 ; Dak & Gibs. Bomb, FL 102 ; Kurz. in Journ. As. Soc. 1877, pi. ii, 101. L. Bhidaah 


Vern. Sind. Jangthori ; Bomb. Kilkm^-wel ; Giiy, Seeds'Wa-upln-bij ; Mar. Seeds-Deodagri ; Tel. 
Panihera. 


not extensively ; stem slender, branched, furrowed, glabrous. Tendrils 2-fKL 
Leaves 1J-2| in. long, usually a little broader than long, reniform suborb icular in .outline broadly 
cordate at the base, obscurely 5-angled or more or less deeply five lobed, lobes rounded or rarely 
subacute at the apex the margins minutely denticulate ; petioles 1-2 in. long, striate, puberulous or 
sometimes lightly scabrid ; flowers usually dioecious. Male flowers : peduncles 3-6 in. long, usually 
in pairs, one 1-fiowerecl, the other with a raceme of 5-12 flovrers at the apex ; pedicles |-| in. long, 
bracteata near the base calyx hairy, I in. long; tube very short: lobes ovate-lanceolate, acute. 


■f Dymock, W, (1885) MaUria Medica of Western Jndh 2nd Ed, 342 
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Pc‘t<ils sprt*ftclingj obov«?te twice es long es tlie calyx, veined. Stamens. 3, ’two witli 2“C6ll6d 

aiitlici’s. 'flooxt'H * peduncles 1-2 in. long, if nit broadly ellipsoid, 1~1| by im, not 
ribbed, clothed with ciliatal bristles in. long yoperculnrn conical without bristles. Seeds nume- 
rous by I iiL, not winged, slightly verrucose. 

Fkweers August to December. 




Hah!tnt 

Gujara-t, Da.kell ; Siiidj Stocks : Purneah, Iviirz ; Dacca, G.B. Clarke. Distributed to tropical 
.Africa. 

'Omurmice 
Uppr ■Oangat.ie Plain 

. Vsntml India , 


New. 1901, .Mxs. A. :B' 
7 Aiiir.. 1875 ; G'lma, 


N. W. Himalaya 

W, India 
Assam 
Wall. C’ai. 

Bihar 


between 


-Banda, 
nor are 


. . Baliraieh fOndh) JO-7-98, Col). Harsukh ; Banda, U. I 

Bell 

, . foagiii'h DM. Gwalior 1867, Coll. 0. King ; Ajmere, 2' 

Saiigar, Oiundwara DM., C.^ 

. . Bwat vailey, 3,000 ft., N. W. F. P., 17-9-95, Chitral Relief Expedition, 1895, 

Coll. Brig. GejiL Gataere : Binda 31. Get. 1864, Coll. Brandis 
. Bombay, 1878 

. Bonihat, Khasi Hills, It). June, 191 1, Coli. R. K. Das 
. 6756A ; Chan dalgar 30 Sept. 1813, 6756 B 

. Dateing Sorai, Darbhanga, Aug. 1910, Coil. Dr. Prian’s collector 
Dingragliat and Puriiea 30-12-68, Coll. S. Kiirz 

Xav, hngistylis 'Eclgs%\ in Journal As. Soc. 1852, p, 270 (sp.) 

Male raceme shorter than the leaves, spines of the fruit fewer theniselves glabrous.- 
Edgetvorth. The leaves are not more dis.seeted than in some Bengal typical L, eehinata, 
the styles longer. The whole male receme is much shorter than the acconipanying l-flowered male 
pediineles. 

Medieiml use 

According to O’Shaughnessy'^ the fruit is considered in North India to be a powerful rejnedy for 
dropsy. S. Arjiinf remarks that the fruit possess piirgative properties. Dymoek''*'''"’' wudtes, ’“'I liave 
jiot met with any notice of the medicinal use of this plant in European works on the Atateria M'ediea 
of India.” (The wvriter seems to have not noticed the observation o^- O’Shaiighnessy and Arjun). 
Roxburgh^ describes, In the Bombay Presidency it is found mostly in Gujarat where it lias a re- 
putation among the Hindus on account of the bitter properties of the fruit, and is an ingredient in 
their compound decoction. In the Konkan a few grains of the bitter fibrous contents of the fruit 
are given in infusion for snake bite, and in cholera after each stool. In fevers the infusion is applied 
to the W'hole body, and in jaundice it is applied to the Iiead and also gi\^en internally ; tlie infusion 
has also a reputation as a remedy for colic. The dried vine with tlie ripe fruit attadied is brought 
to Bombay for sale along wdth other herbs from the province of Gujerat.” 

6. Lnffa ttmbemta 31. Roem. 

Synops. Pepom, ii, 63; L. Kleinii W. A A, Prodr. 344 ; Cuearhitu HtMlata, Hevno in Herb. Bottler * 
Wall. Cat. 6724 ; D.C. Prodr, iii 318. 

A'oung fruit spinous, spines densely wooly. Agrees closei>^ with L. ecMmda and may ])e a variety 
of it but the stamens differ ; the filaments being three, of \yhich two are bifid below the stamens. 
Habitat 

Travancore, Klein ; Cbromandal (?) Wiglit. 

8. Benixoasa 

In Bibl. Batal. 9, p. 158 cum icone (1838) ; in D G. , Prodr. 303 ; Spach. Veg. phan. (I p. 203 : 
Aleisn. Gem p. 127 (91) ; End l. Gen. p. 938 ; Am. in Hook. / Journ,.,of Bot. 3, p. 277 ; Wight in Ann. 

* eVkShaughnessy , W.B. (1841) Bengal, DispeuBi 346, 
t Arjun, 8. 1879 Cat, Bomb, JCmgs, 59. 

**D 3 ^mock (188,5) Materia Medka West India, 343, , 

JEoxburgh, IV, (820) Flora Indka^ 24, 699, 
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and Mag. of Nat. Hist. 8, p. 269 ; Koem. Syn. fasc. 2 , p. 14 ; Naiid. in Ann. Sc> iiat.,, 
ser. 4, V. 12, p. 87 ; Benth. at Hook, Gen. 1, p. 824 ; Hook. f. in Oliv. FI. trop. Aft, 2, p. 532,— 
Cucurbite sp, Anct. 


Benincasa, Savi. 

A large climber, softly hairy, tendrils 2-fid. Leaves cordate, reniform orbicular, more or less 
fine lobed ; petiole without glands. Flowers large, yellow, monoecious, all solitary, without bracts. 
Male : calyx tube campanulate, lobes 5, leaf-Iite, serrate ; petals 5, nearly separate, obovate ; stamens 
3, inserted near the mouth of the tube, anthers exerted, free, one 1-ceIled, two 2-celIed, cells sigmoid. 
Wemah : calyx and corolla as in the male ; ovary, oblong densely hairy ; style thick, with 3 flexiiose 
stigmas ; ovules numberous, horizontal ; placenta 3. Fruit large, fleshy oblong, pubescent, iiidehis- 
cent. Seeds many, oblong compressed, margined, 

Benineasa hispida Cogn, in DC. Mon. Phan 1881 iii, 513 ; Wall Cat. 6723 ; Sampson, Kew 
Bull. Ser. 12, 1936, p. 20. Benineasa cerifera Savi.l.c,; W. & A. Prodr. 344 ; Miq. FL Ind. Bot. 
i pt. i, 665 ; Naud. in Ann. Sc. Nat. Ser, 4, xii, 87 ; Kurz. in Jour. As. Soc. 1877, pt. ii, 101 ; 
CxiGurUta pepo Lour. FL Cochin. 593; Eoxb. FL Ind. iii, 718; C.farinasa BlumeBi|d.; %mwo- 
petalum calycuhtum Miq. FL Ind. Bat. suppL 332. 

The white gouard Melon.Vern. : Sans, KusJmmanda, Kusparidaha ; Beng. Chalkmnra ; Pb. 
Petha, chalkumra, gol kaddu ; Hind. Gol Kadu, kudmiah, Kondhm, Kurnrha^ petha, pJmihia ; Kumaon 
Kumhra, churja; Mar. Kokala ; Cutch. Kushmand, Kohula ; Gnj. Bhura kola^ Kholu ; Bomb. 
Kohala, Koholen, goldaku ; Sing. Golkadu ; Tam. Kaliyana-puskinik-kay ; Tel. Burda gummlu, 
brididi gunuemdi, pexidli gmmnadi~kaya ; MaL Ktmpalanna^ Kumpalanm Kam Binde-kumbala-kayi ; 
Burma Kyank-payon. 

Annual, softly hairy, stem stout, angular, tendrils 2-fid, leaves 4-6 in. diam., kidney-shaped, 
round, base notched, more or less deeply 5-lobed, stalks 3-4 in. without glands ; flowers large, yellow, 
solitary, without bracts. Monoecious, male flowers on stalks 3-4 in., calyx tube bell-shaped, lobes 
5, leaf like, toothed, corolla 5-lobed^ ovate almost to the base, stamens three, almost on the mouth of 
the tube, anthers free, protruding. Female flowers, calyx and corolla as in the male style thick, with 
3 zigzag stamens (syngenesious) ; fruit 12-18 in, long, oblong, fleshy, with a waxy bloom, seeds 
many oblong, flattened. 

Habitat 

Cultivated throughout India. Distributed through cultivation in Malaya, China, Japan ; tropical 
Africa ; no record of occurrence in wild state anywhere ; according to DeCandoIIe it is a native of 
Japan and Java. 

Affinity. Morphologically Benineasa resembles Gmurbita hence these groups may be placed 
side by side. From the anatomical stand point however Benineasa differs much from OMmrSiiJa as 
the number of vascular bundles in the former, in the mid rib of the leaf is four and all arranged in a 
straight line while in the latter the bundles are seven in number all arranged in an ellipse, the largest 
of them being placed at the base. This difference in the number of vascular bundles are antagonis- 
tically speaking of their phylogenetic relationships. But from the phytogenetic stand point of the 
reduction of vascular buiidles due to evolution, if we consider the side bundles of the midribs of Cueur- 

are united, we at once arrived at an arrangement found in Benineasa. Benineasa is nowhere 
found in wild state in the world which gives further evidence of its highly evolved stage. Moreover 
Blume, Loureino and Wallich placed Benineasa as a species of Cucurbita. Watts writes, This plant 
is so like the pumpkin that the earlier botanists took it fotCucurbita. To distinguish it from Cucurbita 
pgpo DC., the following characters may be useful.— Stem and leaves softly hairy. Male flowers 
large solitary ; petals 5, nearly free ; stamens 3, inserted near the mouth of the tube anthers free 
exerted. Fruit 1 to 1| ft., cylindric, ribs, hairy when young and bright green, ultimately becoming 
smooth and covered with bluish white waxy bloom ; pulp flesh white.*’ Flowers April to November. 
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Mi'dk'owlin'j Kisi't) 

The fruit possei-ses alterative and styptic properties and is popularly known as a valuable anti- 
liieri-urial. It is also said to be cooling. It is considered tonic nutritive and diuretic and a, specific 
for lueiiioptvsis and other lucinoiThages from, internal organs. For this purpose the fresh juice from 
the fruit is adniinistered, while a slice of the fruit is at the same time applied at the temples. Accord- 
ing to the Sanskrit authors^ it is useful in insanity, epilepsy, and other nervous diseases ; the fresh 
juice is given either with sugar or an. adjunct to other medicines for this disease. 

"It would appear that the older Sanskrit writers were not acquainted with its peculiar action on 
the* circulatory system by which it rapidly puts a check to hsemorrhage from tlie lungs. The Raja 
Nirghantii, the oldest work on therapeutics, gives a long account of its virtues, but does not aUude to 
its uses in phthisis or hannoptysis. Neither does Simuta mention it in his chapters on the treatment 
of Immorrliage and phthisis, though the plant is alluded to by him elsewhere. The more recent 
compilations such as, ChuhxtdaMa, Ayurveda Scmgmlia, Sarangadham, etc. gives numerous pre- 
parations of the article and detail of its uses.^’ “ In preparing this medicine ” in the form of confec- 
tion old ripe gourds are selected. Those not at least a year old are not approved. They are 
longitudinally divided into two halves and the pulp scraped out in thin flakes by an iron comb or 
scratclier. The watery juice that oozes out abundantly during this process is preserA^ed, the seeds 
being rejected. The pulp is boiled in the above mentioned juice, till soft. It is then tied up tightly 
in a cloth and the fluid portion allowed to strain through it. The softened and drained pulp is dried 
in the sun and the watery portion is preserved for future use. Fifty tolas of the prepared pulp are 
fried in sixteen tolas of clarified butter, and again boiled in the juice of the fruit, till reduced to the 
consistence of honey. To this are added fifty tolas of refined sugar, and the whole is heated over 
fire, till the mass assumes such a consistence as to adhere to the ladle/' The pot is then removed 
from the fire and a number of flavouring demulunt added, such as peeper, ginger, cumin, cardamons, 
cinnamon etc., the mixture being stirred until cold. Bose from 1 to 2 tolas according to the age and 
strength of the patient is prescri{)ecL The seeds possesses anthelmintic properties and are useful in 
cases of taenia. The expressed oil of the seeds, in doses of half an ounce, repeated once or twice at 
an interval of two hours, and followed by an aperient, is said toT)e equally efficacious. 

The fresh juice is often used as a vehicle to administer pearl shell for the cure of phthisis in 
the first stage {Asst. Surgeon S. Arjiin, Bombay). It is considered a specific in pulmonary con- 
sumptions. A country preparation made of the ripe fruit called Kushm'dahhanda is considered 
very efficacious in phthisis pulmonalis and I have seen people benefitted by it " (fSurgeon K.D. Ghosh, 
Bankura). '' This is so universally believed to be useful in pulmonary consumption that some trails 
should be made in order to discover whether it has any effect on the bacillus of phthisis. I have seen 
it produce a decided effect in arresting pulmonary tuberculosis " (Dr. Ghose, Khulna). '' Preserve 
is given in piles and in dyspepsia as an antibilious food " (Surgeon Major W. Moir, Meerut). This 
forms one of the chief ingredients of the vapour bath used in Syphilitic eruptions " (Asst. Surgeon 
A.^ C. Mukherjee, Noakhaii). “ The expressed juice of the mature fruit possess purgative and alter- 
ative properties. It is used in cases Avhere the system has been eifected by mercury " (Brigade 
Surgeon P. Thornton, .Monghyr). '' The preserve of the white lemon is an easily digestible 
and highly nutritious food hi wasting diseases, as consumjption " (Surgeon Major R. C. Dutta, Pubna). 

Much used in diabetes with successful results, the juice of the cortical portion (4 oz.), combined 
Avith 100 grains of each of powdered saffron and. bran of red rice, giA^en morning and eA^ening, Avith 
strict diet " (Surgeon E.^ W. Savinge, Rajamundry, Godavari Bist.). The most common Avay in 
which the juice is used is in the shape of a confection with sugar, etc., as a cooling and fattening medi- 
cine (NatiA^e Surgeon R. Moodelliar, Ohingleput, Madras Presidency) Useful in piles given AAuth 
stirun. Antidote to mercurial poisoning administered in the forin of pak " (Surgeon W. Barren 
Bhiij, Cutch). 

The fruit of this plant excretes upon its surface a waxy substance AAdiich resembles the bloom 
found on plums and cucumbers. This is said to be produced in sufficient quantity to be collected an.d 
made into candles. The seeds also yield a mild, pale coloured oil. 
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It is often used , in Indian cookery as a vegetable and as a eiiriy. This fruit is also, very often 
used 'in making sweetmeat* which consists of pieces' of this gourd coated with sugar ; this is said, to 
have cooling properties. . , - 


Occur fence 
Sikkim 

Assam 

Andamans 
Bengal . , 

Bihar 
Burma 
Punjab . 

Upper Gangetic Plain 


. Labdah ,2,500B-., 304-13 ; Labdah, Coll. 0. 0. C^ave ; Siikim 1,000 ft., 10.9-13' 
ColLG.H.CaTe 

. Danika river, i\Iahkotea, 4th April, 1895, Collected by the Keporter of, the 
Economic Products to the Government of India ; Alipur, 24 Febroary, 1809 
. Aberdeen 15-11-1889, ColL David Prain 

. Agartala 800~-l,000 ft., Hill Tipperah, 29-9-14, Coll. P. M. Debbarmaii ; B. 

B.G., Calcutta 
. Cult., S. Kurz 

. Uxjper Burma, Shan 25. Julv 1893, Coll. Dr. King's collector 
. 1878, Dr. E. Sander.s 

. Cultivated 14th May, 1901, Airs. A. S. Bell 


9. Momoedica 

Momordica Tourn. Instit. p. 103, tab. 29, 30 ; Linn. Gen. ed. 1, p. 296, edit. 6, p. 506 ; Juss. 
Gen, p. 395 ; Willd Spec. 4, p. 601 ; Ser. in D.C, Prodr. 3, p. 311 ; Spach, Veg. phan. 6, p. 219 ; Meisn. 
Gen. p. 127 (91) ; Endl. Gen. n. 5133 ; Eoem. Syn. fasc. 2, p. 13 ; Miq. Fl. Ind. Bat., 1, pai't. 1, p. 
663 ; Naud. in Ann. sc. nat., ser. 4, v. 12, p. 129 ; Sond, in Harv. et Sond. FI. Cap., 2, p. 491 ; Benth. 
Fl. Austrat, 3, p. 318 ; Benth. et Hook. Gen. 1, p. 825 ; Hook. f. in Oliv. Fl. trop. Afr., 2, p. 534 ; 
Boiss., Fl. Orient,, 2, p, 757 ; Cogn. in Mart. Fl. Bras. fasc. 78, p. 13 : Clarke in Hook. f. Fl. Brit, 
Ind. 2, p. 616. 

Climbing annual or perennial herbs. Leaves entire, lobed or pedately 3-7 foliate. Tendrils 
simple or bifid. Flowens yellow or white, monoecious or dioecious. Male flowers corymbose or race- 
mose. Calyx-tube short, campanulate, closed at the bottom with 2-3 incurved oblong scales ; lobes 
5, corolla usually 5-partite to the base or nearly so, rotate, or broadly campanulate, segments ovate, 
cordate, stamens 3 (2 in M. cymbalaria), inserted on the mouth of the calyx tube ; filament’s shorty 
free; anthers at first cohering, at length free, one 1-celIed, the others 2-cellecl, the cells flexiiose 
(rarely short and straight or curved), connective not produced at the apex. Rudimentary ovule 0 
or glanduliform. Female flowers solitary. Calyx and corolla as in the male. Rudimentary stamens 
0, or 3 glands surrounding the base of the style. Ovary oblong or fusiform, 3-placentiferous : ovniles 
many, horizontal ; styles slender ; stigmas 3. Fruit oblong, fusiform or cylindric, baccate, indehis- 
cent or 3-valvate, few or many seeded. Seeds tumid or flattened, smooth or variously sculptured. 
Species 25. 

Distrib. Cheifly African a few scattered through the both hemispheres. 

The occurrence of cystoliths of calcium carbonate in the epidermal cells of the under surface 
of the leaf is a remarkable characteristic of the genus Mo^riordka, These cystoliths are aggregated 
from single to as many as eight groups. Calcium oxalate in the form of crystals are also abundantly 
met with in the stem and root of this genus. 

Key to the species 


A. Male peduncles 1 -flowered 

B. FlWers monoecious 

C. Bracts of male flowers about the middle or below the middle of the 
^ . • . , . • . 1* M. chaimitia 

CG. Bracts of the male flowers at the apex of the peduncle , . . 2. M\ Balsamina 

BB. Flower dioecious 

C. Petioles without glands 

D. Leaves smaller, peduncles longer than the petiole, sepals Imcar, 

lanceolate . . . * . * . . . %. M. dioica 

DD. Leaves large, peduncles shorter than the petiole, sepals oblong . 4, AT. macropliylla 

GO. Petioles glandular, cystoliths irregular • # « * , ILcoclmicTtmensk 

AA. Male peduncle severabflowered 

G. Flowers monoecious, leaves ovate lanceolate , . . . . M. deMudata 

CC. Flowers dioecious leaves reniforru orbicular , . . . 7. A/. Cpnbalaria 
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1. Momanlica Charaniia Liiuii Sp; PI. 1009 ; Roxb. FI. Ind. iii, 707 ; W. & A. 
Prodr. 348 ; Bot. Mag. t. 2455 ; Miq. FI. Ind. Bat. i. pt. i. 663 ; Wight Ic.t. 504 ; Dalz. & Gibs. Bomb 
FI. 102 : Naud. in Ann. Sc. Nat. Ser. 9, xii, 131 ; Kurz. in Joiirn, As. Soc. 1877, pt. ii, 102 ; M. kumilis 
Wall. Cat. 6747 ; M. mmioMa DC. 1. c.; M. sene^ahnsis Lamk., Enoyc I?, 239 ; Oueums afrimnas 

Bot* Reg* t. 980, 

Vern. Sans. SusJmm, kmrimUilata, Mravetla ; Hind. Kareta^ hamli, Icarola ; Beng. Kamla, 
Kchchhe ; Urija Karem; Assam. Kakrel, hahiml ; N. W. P. Karela, Icarola; Kiimaon. Kurela; 
Pb. Karda^ karila; Sind Kareh; C.P. Kmli; Bomb. Karla; Mar. Karh^ harala ; Qm]. Karela, 
kareto^ Icarela ; Dec. Kareh ; Tam. Pavhka-chedi, pam hai ; Tel. Kaham, ura kakara, tella hakara, 
metta hahmi ; Km, Kagah-hayi ; Malay Kaipa mlli ; pavahha cJiati, pmiti-paveK happaJcka ; Bnrm.. 
Kadimya-bin^ hjetdien-hlia ; Sing. Karawifa, battu-Jcarawilla, 

Annual ; stem 34 ft. long, much branched, angled and grooved, more or less pubescent or hairy ; 
young parts hairy or villous. Tendrils simple, slender, elongate, pubescent. Leaves almost orbi- 
cular in outline 2-5 in. on diam., pubescent or subglabrous on both sides, cordate at the base, deeply 
divided into 5-7-lobes, the lobes acute or subacute, apiculate, coarsely spinous-dentate, constricted 
at the base, the sinus between them narrow, rounded ; petiole 1-2 in. long, channelled, pubescent. 
Flowers monoecious. Male flowers : solitary ; peduncles 2-4 in. long, bract at or below the middle. 
Calyx |-| in. long, pubescent ; lobes in. long, elliptic, subacute. Corolla somewhat irregular, 
lemon yellow, segments obtuse or emerginate, §-| in. long, veined. Fe^nale flowers : peduncles 2-4 
in. long, slender, bracteate usually at or near the base. Staminocles 3, glanduliform. jOvary fusi- 
form, muricate, stigmas 3, bifid. Fruit bright orange coloured, when ripe green when young, 2-6 in. 
long, pendulous, fusiform, usually pointed or beaked, ribbed, and bearing numerous triangular tuber- 
cles giving it the appearance of a crocodile’s back (Grahm), 3-vaIved at the apex when mature. Seeds 
in. long, compressed, corrugate on the margin, sculptured on both faces. 

Flowers September to January. 

There are two extensively cultivated varieties in India, differing in the form of the fruit, the one 
being longer and more oblong and the other smaller more acute, muricated and tubercled placed 
under var. muricata W. & A. These varieties go by the name of Karala md uMya in Bengal. 


Var. muricata W. & A. Beng. Uchkeye 

(1) Leaves faintly nerved 

(2) peduncles with a round or reniform bract 

near the base 

(3) Fruit small, acute at ends lengthened, tuberculed, 

tapering at both ends 


Var. proper Beng. Karala 

(1) Leaves prominently nerved. 

(2) Peduncle with a round or reniform bract at or below 
the middle of the base 

(3) Fruit large, oblong, gibbous, muricated, with tuber- 
cles between, tapering at both ends. 


Habitat 

Throughout India, cultivated. Distrib. Malaya, China, tropical Africa. 

On the lower surface of the leaf ofMomordica charantia innumerable groups of cystolithsof the^ 
calcium carbonate are found. These cystoliths are encased in the enlarged lower epidermal cells.. 
They are generally arranged in double groups or some times in groups as many as seven.^ 

Medicinal and other uses 

The fruit is considered tonic, stomachic and cooling and is used in rheumatism, gout and diseases 
of the spleen and liver. Rumphaus^ states that it was much esteemed in Amboina, where it was 
supposed to purify the blood, and to dissipate melancholy and gross humours. The fruit and leaves 
are both administered internally in leprosy, piles, jaundice, and as an anthelmintic. The latter are 
said by Rumphius to be used by Indian obstetricians to purify the blood and generate milk in the 
puerperal condition.^ He states also that a leaf was placed in the mouth of the newly born infant to 
clear its breast and intestine of all mucus, excrement, etc. D 3 ?inock^ reports that in Konkan a third 
of a seer of the leaf jui ce is given in bilious affections as an emetic and purgatives, alone or combined 

^ Chakra varty (1937). Philipp J, Sc, 63,409 

2 Rumphius (1741) Herbarium Amboinense 5, 1. 151 

3 Lymock. W. (1885). Materia Medka, West India ZiO 
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witli aroBi'fefcics ; it is also applied externally foi* burning. of the soles, on tlie feet, and round, tlie orbit 
as a cure for nigbt blindness. The fruit of the cultivated form is said to act as a febrifuge. The 
root is also used medicinally being considered astringent and warm ; and in the Punjab is, according 
to Honigberger (ex D.E.P.) applied externally to piles. The whole plant combined with cinnamon, 
long pepper, rice, and the oil of Hydnomrpiis BL. is employed by the Hindus as an external 

application in scabris and otlier cutaneous diseases. 

A case of death from violent vomitting and purging caused by the adniinistratioii of this Juice 
to a child has fallen in my practice ” (Asst. Surgeon, S. Arjun, Bombay). '‘ Tlie fruit is used as a 
vegetable, cooked as curry. It is bitter and possesses wild laxative, antibilioiis and tonic properties ” 
(Civil Surgeon D. Basu, Faridpiir, Bengal). " The expressed Juice with chalk is used in apthae, and 
is also^as an emmenogogue in dysmenorrhcBa. It is applied externalh’' to the scalp in pastular erup- 
tions ” (Surgeon Major D. E. Thomson., Madras). Useful as an application to burns, and allays 
the irritation of boils. Commonly prescribed as an anthelmintic, and as a purgative for children 
(Civil Surgeon, J. Mc-Conaghey Shajahanpore). “ The fruit is antlielmintic ” (U.Ummegiidien). 

The young fruit is highly esteemed as a vegetable in Indian cookery. The fruit of the variety 
muricata though much smaller is more esteemed. This is found in abundance in every market. 
Treatment in hot w^ater and salt is necessary previous to cooking or frying to take away a portion 
of the bitterness. ‘ ' . r 


Occurrence 

Peninsular India , . . Rampha chodavaram, Travancore State, Sept. 1920, Coll. ¥. Narayanaswami ; 

Kalla, 1-9-1913, Coll, C. C. Calder and M. S. Rainaswami ,* Qiiilon, Travancore, 
11-11-13, Coll. R. Rama Bao; Karianshola, Anamalai Hills 2,400 ft., 1-10- 
1912 Coll. G. Thomson ; Kolathur, Coimbatore, 17-1-06, Coll, C. E. C. Fischer, 
Madras ; Cizddiipah 500 ft., Julv 1885, Coll. G. S. Gamble ; Bombay, Adyar 
Jan. 1876 

Wall. Cat. • . . . Royal Botanic Garden, Calcutta ; Patna 16. April 1812, 6765 B ; Catiram 3 

March 1808, 6745 B; Kaliganj, 26 February 1809 

Bengal . . . . .Old Agartala 500-800 ft., Hill Tipperah, 3M2-14, Coll. P. M. Bebbarman ; 

Chittagong, Hovember 1890, Coll. Mokim ; R.B. G., Calcutta ; 

Rajputana .... MarWar, 1868, Coll. G. King 

H. W. Himalaya . . , Baddi outer Himalaya, Coll. Dr. Brandis; N. W, India ; near Mussoorie, 3. 

Oct. 1870, ColL Dr. King 

Upper Gangetic Plain . , Lucknow, May 1854 

Bihar . . . . , Chota Nagpur, 9 January, 1878, ColL J. J. Wood 

Assam . . . . , Kamriip plains, Sibsagar; November, Coll. Dr. King’s collector, Crawhati, 

August, 1860; Mangalai March 1902, Coll. A. C. Chatterjee 
Sikkim . . . . * Teesta 12-8-14, Coll. C. H. Cave ; below Siireil Aug, 20, 19th ColL G. H. Carter ; 

Little Ranjiet valley 2,500 Coil, S. Kurz ; October 1868, ColL S, Kurz 
Burma . . . . . Cultivated on the Island opposite Minbu town 8th March, 1703, ColL Aubert 

and Gage ; Pegu Yomah, ColL S. Kurz 

Laccadives Isis . . . Minikoy, Coll. H. M. I. M. Investigator 1891, 6th December. 

2. Momordiea Balsafnina Linn. sp. PL 1009 ; Miq. FL Ind, Bat. i. pt. i, 664 ; Bpiss, FL 
Orient, ii, 767, exel, syn. Wight ; Hook. f. in Oliv. FL Trop. x4ufr. ii, 537, not of Wallich, nor of W. & 
A, Prodr. 349 ; Woodr. in Journ. Bomb. Nat. ii (1898) p. 640 ; xiitch, Pb. & Sind. PL p. 63 ; Hook. 
FL B.I. 2, p* 617 ; Watt. Diet. Econ. Prod., 5, p. 256. ^ 

Vern. Bind Kurelo-jmigro ; C. P. MoMm ; Arab. Mokah. 

Monoecious ; stem 2-5 ft. long, very slender, branched, grooved subglabrous, orbicular in out- 
line, in diam., cordate at the base with a broad sinus, palniately 3-5-lobed to about the middle, 

the lobes rhomboid deeply lobulate, acute and mucronate at the apex, usually constricted at the 
base, the sinus between the lobes broad and rounded ; petioles in. long, striate, pubescent. 
Male flowers : peduncles 1-flowered, slightly pubescent at the apex, otherwise glabrous or nearly so, 
slender, 1-3 in. long ; bract towards the apex of the peduncle, J-f in. wide, cordate, orbicular denti- 
culate, variegated green and white, reticulately veined. Calyx | in. long, pubescent ; lobea in. 
long 5-7-nerved, triangular, acute, with a long slender mucro. Corolla subregular, yellowish with a 
dark base in. long obovate, subobtuse, reticulately veined, sometimes apiculate. Anther cells 
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fli'Xiiuii.-i, t Ii(' crumfcrive ) ht/.t i. Fvmuh jloicers : peduncles in. long, usually ebracteate or bracte- 
iitc jii fitr ba.sc. Caiyx fubc linear lanceolate, ovary fusiform, beaked, verucose. Fruit 1-3 in. long, 
ovoid nan<AV(.“il to botii ends, rostrate, smooth or muricate. Seeds ash coloured, ellipsoid, compressed, 
I i iH *”-i regiiIo.se on the flat faces and with a grooved margin which is tuberculate on the 

edges. '■ 

Flowers Febriiar}’* to March. ^ 

HabitM 

Piinjah T. Thomson, Edgeworth ; North-west India; Eoyle ; Sind : Stocks. Distributed to 
Malaya, Australia, Western Asia, Africa to the Cape. 

Medic iml use 

According to Atkinson'^', it is occasionally employed in. native medicine. Ainslief writes The 
fruit, Hasselqriist informs ns in liis Iter Pdestemmi, is famous in Syria for curing wounds ; it is a fleshy 
ovate berry, ending in acute points. The natives cut it open and infuse it in sweet oil, which they 
expose to the sun for some days, until it becomes red, and then preserve it for use ; dropped on cotton, 
and applied to fresh w'ounds they consider it as a vulnerary, little inferior to the balsam of Mecca. ^ ' 

Food— The young fruit is eaten as a pickle ; when ripe it is 1 to 3 inches long, rostrate and orange- 
red, and is eaten as a vegetable in stews, etc. 


Occur reme 
Kfijpiitana 
W. India 


Marwar, March 1 868, Coll. G. King 
Sind 


3. Momorilicd elioiea Eoxb. ex Willd. Sp. PI. iv. 605 ; DC. Prodr. iii, 312 ; W. &. A. Prodr. 
348; Wight Ic. tt. 505, 506 ; Jacq. Voy. Bot. t. 71 ; Dak. & C4ibs. Bomb. FI. 102 ; Naiid. in Ann. 
8c, Nat. Ser, 4, 4, xii, 133 ; Thwaites Enuni. 126, as to a var. a.; Kur^:. in Journ. As. Soc. 1877, pt. 
ii, 102 ; If. jBa&aMma Wall. Cat. 674, lA, B; W. & A. Prodr. 349, not of others ; Af. Wallichii 
Hoem. Synop. 58 ; Miq. FI. Ind. Bat. i. pt. i, 664 ; M. renigera, Jlaniiltonima and Heynemm Wall. 
Cat. 6743, 6744, 6748 ; M, Missionis Wall. Cat. 6739 ; Deiinst in Miq. l.c. M, suhcmitangula, Blume 
ex Kurz. Journ. As. Soc. 1877, pt. ii, 102 ; Trickosanthes Russeliam Wall Cat. 6696 L ; Hook. FL 
B. I, 2, p. 617 ; Watt. Diet. Econ. Prod., 5, p. 258, 

Vern. Sans. VaMsi ; Santal Kanekm amk (leaf), karla (fruit); Assam Bat karila ; "N. W. 

Gol Imulra, gohhmhra, ghosalpJial : Pb, Dkir Jeareh, hmra ; CV P. Kalwal ; Bomb. Kurtoli, hartola, 
kararddi, mntha-kmdola ; Mar. KaHoli ; Guz. KmiolaMimitohn ; Dec. KtirioU ; Tam. Palupaghah 
kahng ; Tel Puagakara, agakara ; Kan. Gidnagtila : Malay. Erimapasel ; Burm. Sapyit, sabyet. 

Dioecious, perennial, with tuberous roots ; stem, slender, branched furrowed, glabrous and 
shining. Tendrils simple, elongate, striate, glabrous. Leaves membranous, broadly ovate in out- 
line, variable, l|-4 by 1J-3| in., cordate at the base gla])rous, minutely punctate entire more or less 
deeply 3-5-Iobed, the lobes triangular, ovate or oblong, distantly denticulate ; petioles |-1| in. long, 
channelled above, pubescent, eglandular. Male flowers : peduncle solitary, 1-flowered l|-5 in. long, 
slender, angled, usually pubescent near the top, otherwise glabrous ; bracts cucullate, inserted a little 
between the flower and inclosing it, orbicular-reniform, f f in. broad, usually pubescent on both 
sides, strongly nerved, often ciliolate. Calyx-lobes distant 4-| in. long linear lanceolate. Penmle 
flowers : peduncles nearly as long as those of the male, usually with a small bract near tlie base. 
Ovary clothed wdtli long soft papillae. Fruit l-2-| in. long,^ ellipsoid, shortly beaked, densely echinate 
with soft spines. Seeds many, | in., broadly ellipsoid, slightly compressed, slightly and irregularly 
corrugated, enclosed in red pulp. " ' ^ ^ 

Flowers June to August. 

* Atkinson, E. T. ( 1 881 ). Econ. Products iV-TF Promnees, 7 

f Aiiislie, W. (1826). Materia Medica 2, 27*6 
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Habitat 

Tlirougliout , India., from the Himalaya to Ceylon and Singapore, ascending to 5,000 ft. on the 
hilk 'Distrik Malaya. 


MMliomal use 


The mucilaginous tuber is used medicinally, especially that of tlie feniale plant, wiiicL, is larger 
than that of the male. Ainslie states that the Hindu doctors prescribe the miicilagenous root in the 
form of electuary in cases of bleeding piles, and in certain bowl-afiections connected witlx such, com- 
plaints, the dose about two drachms or more are prescribed twice daily. Eheede states (ex D.E.P.) 
the plant is '' truly cephalic ”, for mixed with cocoanut pepper, red sandal wood and other ingre- 
dients to form a liniment it relieves all pain in the head. Dymock§ stated that the juice of the root 
f ^ is a domestic remedy in Konkan for the inflamation caused by contact with the urine of the house- 
’ -¥ lizard. 

■ ‘ The powder oi the dried fruit introduced into the nostrils is said to give rise to repeated sneezing” 
? (Surgeon Major W. D, Stewart, Cuttack). *' The tuberous root of the female plant is used in Belgaum 

I as an expectrant, and externally in ague cases as an absorbent. The root of the male creeper is used 

, in ulcers, especially those caused by snake bites The unripe fruit is used as a vegetable and given 
i as a delicacy to patients recovering from fever ” (C. T. Peters, Zundra). 

I Food — The green fruit is eaten in curries. The tuberous root of the female plant are also eaten. 

Occurrence ' 


Burma 

Bengal 


Assam 


Bihar 

0. L . , 

'^'Punjab . 

N. Wf Himalaya 

Sikki?n 

Pen. India 

Wall. Cat. 


Bhamo, 14-2-68, Coll. J. Anderson ; Southern Shan States, Lailika., 1894, Coll. 

Abdul Khalil ; Keng Tung 5,000 ft., June 1909, Coil. Capt. K. M, MacGregor 
K. Bengal, Sikkim Terai, below Goreedora, 30-9-68, Coll. S. Kurz ; Chanderna- 
gar, August 1902 Colb, Abu Hosen ; Lauhajong, Vikrampore, Dacca, 1 1 Aug. 
1871, Coll. C. B. Clarke; Jatta Pagoda, Siindribaii, 7 Aug. 1902, Coll. D. 
Prain; Agartala 500-800 ft., Hill Tipperah 9-6-15, Coll. P. M. Debbarman 
Haflong, N. Cachar, 2,075 ft., 10-8-1908, Coll. W. G. Craib ; near Badarpnr, 
Dist. Sylliet, 12 Aug. 1903, Coll. A. T. Gage ; Umran to Umling along Shillong 
Gauhati Road, 16 June 1911, Coll. R. K. Das; Khasia ; Mount Khasia, 
Coll. J. D. Hooker & T. Thomson; Kohima, Naga hills Dist. July 1886, 
Coll. D, Prain; Deongaon, Juty 1843; Dimapur, 400 ft. Sibsagar Dist., 
Coll. C. B. Clarke 

Dalsing Sara!, Darbhanga Dist., Aug. 1900; Coll. Dr. Praia’s collector, Man- 
bhum Coll. Rev. A. Campbell 

Abu 1868, Rajputana CoIL S. Kurz ; Guna, Isagarh Dist, Gwalior, Sept. 1867, 
Coll. Ct. King; Chanda, C. P., Coil. Reporter of Economic Product, Govt, 
of India; Chanda, C. P-, 6th February, 1904, OoH. Reporter of Economic 
Products, Government of India 
1,000 ft., Coll. T. Thomson 

Dehra Dun U. P., 20 July 1870, Coll. G. King ; near Dehra August 1882, 
Coll. Diithie; Delira Dun, July 25th 1870, Coil, G. King ; Anadra Aug. 
1868, Coll, G. King ; K. W. India 

Coll. G. King ; above Goreedora towards Piinkaban, 30-9-68, Coll. S. Kurz ; 
Sikkim, 24-8-57, Coll. T. Thomson ; Sikkim, 3-6,000 ft,, Coli. J. I). Hooker; 
Pankabari July 1975, Coll, W. Gamble ; Ryang 2,000 ft., iOth August 1874, 
Coll. G. King ; Sikkim, CoIL S. Kurz ; ' 

Travancore, Coll. Rama Rao; Mundoinurhi, Travancore State 27,8.1913, 
Madras Coil. 0. C. Calder and M. S. Ramaswami ; Courtalum, Tinnevelly Dt., 
Madras 17 June, 1901 ; Karianshala, Anaimalai Hills 2,450 ft.; Madras- 
Coehin 1-10-12, Coll. C. E. 0. Fischer ; Shevaroy Hills ; Mysore and Carnatic 
Coll. G. Thomson ; Bodinaikanur, December 1910, Coll. A. Meebold ; Qiiilon, 
Salem Dist, Travancore, Madi'as, June 1836 ; Maadandurai 700 ft., Tinnevelly 
Dist,, 19 February 1913, CoIL D. Hooper & M. S. Ramaswami ; Balugaon, 
Chiika lake, Ganjam Dist., 8 August 1913, Coll. D. Hooper ; Karwar, N. 
Kanara, Dist. Bombay, 20 Aug. 1883, CoIL W. A, Talbot ; 

Prome, Burma 18th Sept. .1826 ; 6743 A ; Chittagong, Bengal 6743 A ; Sylhet 
Assam 6743 B ; 





Dymock, ( 1885). JIateriu Jledica fVest India., 339 
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4. Momordiem mmmphtjUm Gage. Eec. Bot. Survey of India, iii, no. 1, p. 61. 

Brandies angled and grooved, sparsely scurfily liairy in the grooves. Leaves petiolate, cordate, 
nnicronate, with base cuneate at the insertion of the petiole, membranous glabrous or with a few 
scurfy hairs on the nerves, margin entire, basal nerves 3 including the midrib, the lateral ones almost 
at once dividing into two braiiehes. Petiole 6 cm. long with one or more glands, lamina of fully deve- 
loped leaf 13-8-16 cm. long ; 11-14 cm. broad at its widest part. Tendrils unbranched. Male flowers 
usually solitary or unbranched peduncles, sometimes three or four on as many pedicles, branching 
from a niaiii peduncle. Peduncles shorter than the petioles. Bract broadly reniform entire, about 
3 cm. from base to apex, about 3-8 cm. in transverse diameter, at the top of the peduncle completely 
enclosing the male flower. Flower unexpanded about 22 cm. long. Sepals oblong acute, thick and 
rather fleshy in the bud, twisted, pubescent. Petals yellowish without a black base. Stamens three, 
two 2-aBthered, one 1-aiithered, filaments black. Female flotvers : on solitary and unbranched 
peduncles, very small braceteole at the middle of the peduncle, no bract encloses the female flower. 
Flower about 2 cm. in length. Sepals oblong acute, 8 mm. in length. Petals yellowish ovary oblong 
acute, spinscent. Ripe fruit about 6-5 cm., spinescent, spines 5-7 cm. long. 

Flowers March to August. ^ 

Habitat 

This species is confined to Burma. It was first collected by G. Gallately in 1877 and afterwards 
in 1903 by OoL A. T. Gage and subsequently by J. H. Lace (1908) and N. Anandale (1917). I have 
found in growing wild in the suburban areas round about the district town of Henzada (Burma). 
It climbes to a considerable height on the trees and the fruits hang down. 


Omirrence 

i 

Burma • . . . . near TEoudaung, Maymyo Mandalay Road, Mandalay List., 24tli August 1912, 

Coll. J. H. Lace ; Keng Tung 3,000 ft., 8. Shan States, June 1909, Coll. R. 
W. MacGregor; Tenasserim, Taepo 5,000 ft., 15-4-1877, Coll. Geo. Galla- 
tely; Pomin River side — Minbu, Sept. 1902, Coll. Shaik Mokim ; Yawnghime, 
5th March 1917, Coll. N. Anandale; Maymyo plateau 3,500 ft., 12th July 
1908, Coll. J. H. Lace 

6. Momordica cochinchinensis Spreng. Syst. iii 14 ; Kurz. in Journ. As. Soc. 1877. pt. ii, 
102, M. mixta, Roxb. FI. Ind. iii, 709 ; W. & A. Prodr. 349 ; Miq. FI. Ind. Bat. i, pt. i, 664 ; Bot. Mag. 
t, 6145; Kaucl. in Ann. Sc. Nat. Ser. 4, xii, 132; M. diocia Wall. Cat. 6750 a.b.o.d.e.f.; Muricia 
cochiwMnensis Lour. FI. cocbincb. 733 ; DC. Prodr. iii, 318 ; Woodr. in Journ. Bomb. Nat. (1898) ii 
p. 640 ; Watt. Diet. Bcon. Prodt. v. 5, p. 257 ; Momordica mixta Roxb. 

Vern. : Sans. Karkathai 'Hmd.. a-rABeag. Kalcrol,lcankur Bengal) Tel. Adodi haMra ; 

Samon-guway. 

A strong climber often ascends on trees, dioecious ; root tuberous, perennial ; stem robust, 
angular, glabrous ; tendrils simple stout, angled, glabrous ; leaves suborbicular in outline, cordate 
at the base. 4-7 in., long and broad, glabrous on both, surfaces, the margin near the base furnished 
with umbilicate glands, divided to the middle or almost to the base into 3 (rarely 6) lobes, the lobes 
ovate or oblong, lanceolate, acute or acuminate, diverging, the margins entire or faintly toothed ; 
petioles 2-3 in. long, stout, sulcate, almost invariably glandular at the middle and at the apex^ 
glabrous or nearly so. Male flowers : peduncles 1-flowered, 2-6 in. long, angularly furrowed, more or 
less pubescent especially near the apex, bract at the top of the peduncle embraoing the flower 
broader than long, 1|-1| by 1^-2 in., cordate at the base, pubescent or scabrid. Calyx hirsute or 
scabrid ; lobes |-| in. long, oblong lanceolate, acute. Corolla white tinged with yellow ; pubescent 
outside more or less so inside ; segments reaching 2| by 1 in., obovate oblong or elliptic oblong, 
obtuse or subacute. Female flMoers : peduncles 1-2 in. long with a small bract about the middle! 
Fruit 4-6 in. long, ovoid pointed, red, fleshy, terete, densely, covered with raised points about in! 
long. Seeds numerous, | by f by in. ovoid, much compressed, sculptured on both faces. 

Flowers March to August. 
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IliibtUii 

Sciigsl to ' iJeC'C'j'ni \\ I'jiit i Kaniou * L*iu ! FuruifKR, 

.■Philippines, , , , , 

MMicinid and other -uses' 

It is stomachic and stinmkiit and is used in cough. 

The fruit is occasionally used for ibod in Bengal 

In the iimer epidermal cells of the leaves inmniiim‘a})h cysioHtlis of (*akium earlnjiiate of various 
fantastic structures are found. These cyslotiths unlike tliose of J/, vhu ru ef oh are hninclied and 
heteroplaiioiis.’*'' 

In the stem, root and the petiole crystals of calcitun oxalate* of various swstem.^ are also met with 
in quantity. 


; -f' 


Occurrence 
N. W,P. , 
Bengal 

Assam 




. Saiiaranpui% l9-8-0i 

. Koyal Botanic Garden, Calcutta ; 3 low rnii i>i.sL, Juju-, 1869, Coll S. Kurz ; 
(diittugoj)u\ i.L. Lister, 1870; Ciiittauong Hill Trutts, Di^ Kinida 
‘ • • near Baclarpur i2th Aug. lUOS, Coll. A. T. tJujiC ; ^riugale Batii Ala 

iSlHi, Coll. J>r. Prain'is <-olleetor ; \V. Phasama, Xarni Hilh !i88r». Coll. Dr. 
D. Fraiii ; Sibsagar Jtily 1845, Cnil, J(‘Tikiris ; Syihet, Coll. J. D. H. & T. T.; 
Kariinganj, ByJhet, i2th May 1808. 

. Royal iSotaiiic Garden, Calcutta ; 0750 { A ti75i} D ,* Kuii:un, 11th IVlarclu 182? 
0750 F ; hiyihet, 8750 B. 

• ♦ ^I’aubingou Rewt House, 150 ft., Barik of Myaiuig streiri, ILajavawaikly Dt., 

(yOlL ('. Gilbert Rogers ; AlerguL April BH 1, A. .Meeboid ; Ia*l|)authauijg^ 
.March 1911, Coll A. Me<*}>old ; 'fiuuuigvu valley, Bidokui f'haimg, 1’iianton 
DisL, 7th Alaixh, 1909, {^oll. i. H. Lace.‘ 

. 1884, Dr. King’s oolleetor ; Coattn Tang near Fort Blair, 0-8-84, Dr. Kirigts 

collector; Ranguchang Hill jungle J-l 1-1895, Coil Dr. King’s eoJIector ; 
Dhani Khari hill jungle 8, .Andaman, 1.5-10-1894, (foil. Dr. Kirig\s tajlbcm^ 
Hobda-ypur hill Jungle 8. Andamans 9-4-92, Dr. King \s cail let 

. iSalean River, Pahang; Keian Tujor, lh*rak, April 1892, Coll L. Wray Jr.; 
Hulu Kenas, May 1884, Coll. B. Seorteehini ; Ayer Land. Feoik, June 188K, 
(k)IL L. Wray Jr.; Perak 5ttO-0,0OO ft,, .june 1884, Coll. Dr. King’s collector; 
Pachang, Bidley 1448 (et n. 2449); F<‘nang ; Siam; Pahang Track, State 
. of SelangO'!', 1897. 

6. Momordica demidata Hook. f. Brit. , India \ L 1)18. 

Dioecious. A slender climber, nearly glabrous, tendrials simple. Lein'es ovrite-lunceolattg 2-4 
by 1-2 in. deeply cordate, often 2-5 angled or sparingly J-5 lobed. centra] loln^ always long acute ; 
petiole 1 in. Flowers small many males on one raceme with inconspicuous bracts. Male ])eduncies 
2 in. often somewhat panicled nearly fimn th,e base and 10-12 mostly laaiiceiled flower ; bracts at 
the base of the pedicles minute; sepals ovate, acuminate ; petals l-l in. filaments J inserted near 
the base of the calyx tube, anthers much exert, canduplicatcnj. Female peduncle I-flowered, about 
as long as the male bract minute near the middle. Fruit o\'oid rostrate miiihaited with triangular 
papillae I in. long and broad 


Wail. Cat. . . 

Burma 

Andaman 

Malay Peninsula 


Habitat 

Cevlon. alt. JOOO-4000 ft,, Gardner, Thwaites, Walker. 


Occurrence 

Peninsular India . . . Kavalay (behin 2,000 ft., jSovcnih<*r 1710, Coll. .A, Ahs-bckl ; Tjiclhxtr, Tni- 

vancore. Sept. 1884, Coll, (L S. Gamble, 

^ Cbakmvarty PhUipu. J, Sci. (1037), 6.3. (4), 415 - 0 
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7. JfoPtmriikm VipHlMiiarim FeriisL ex Naud. in Am. Se. (1859) Nat. Ser. iv. xii 134 ; Hook 
F. In tdiv. FL Trop. Air. ii. 540 ; /.ujfa kibemm Koxb, Hort. Eeng. 104 ; 11. Ind. iii, 717 ; W. &. A. 
)5’odi . 31 J : L. (hHum Wall, i 7it. 0754 B. VW^odr. in Journ. Bomb. Nat. (leS98) v. ii p. 640 ; Momordica 
Uihvrimi^ V<m\\a\\x. in D(k i\Ionogr. Phan, (1881) v. 3 p. 454.. 

Yern. : Har. KudumncM. 

^lonoeeious ; root M'oody. tuberous, perennial ; stern very slender, scandeiit, branched, striate, 
pubescent or subglabrous. 'Tejidrils filiform, slightly pubescent, simple. Leaves orbicular reniforrn 
ill outline, f-l|- by 1-2 in., glabrous witli a few scattered hairs, punctate (but not scabrid) on both 
surfaces, deeply cordate at the base, obtusely but not deeply 5-7 lobed, lobes short, acute or obtuse ; 
petioles |-1| in. long, striate, pubescent. Male flowers ; in 2-5 flowered racemes ; peduncles |-1 in. 
long, filifonn, pubescent ebracteate ; pedicles in. long. Calyx hairy ; tubes short, broadly 
campanulate, narrowed at the base, lobes | in. long, lanceolate, acute. Corolla pale yellow ; seg- 
irients obovate, obtuse, |-| in. long. Stamens 2 ; filaments very short, thick flattened ; anthers 
in. long, one 2-partite, the other 3-partite, the cells conduplicate, the connective broad. \Female 
flouers : peduncles |-14 in. long, slender, ebracteate, ovary tusiform, beaked; style stout; stigmas 
2, spreading, 2-partite. Fruit |-1 in. long, pyriform or broadly fusiform, narrowed into the curved 
peduncle, fleshy, dark green, 8-ribbed, sparsely hairy. Seeds in. long, broadly ovoid, aliglitly 
compressed, strophiolate, not margined ; testa polislied and shining, dark brown. 

Flowers June to July. 


HahiM 

Deccan Peninsula, Wight ; Mysore, Hyne ; Konkan, Stock. Distrib. — Tropical Africa. 
Medimml me 

Dymmk^ writes ‘‘ The whole plant is acrid ; it is mentioned that a mimber of tubers were for- 
warded to the Chemical Analyser to Government from Satara as having been found in the po.ssession 
of a person suspected of administering drugs to procure abortion. My specimen was grown from 
one of these tubers, which still retains vitality. Dr. Lyon, the Chemical Analyser, informs me that 
on reference to the records of his office he finds that Ivadavanchi tubers have been three times sent to 
him within the last four years, as having been used to procure abortion.” 


Occurrence 

India Distrib. . 

Peninsular India 
Central India . 


Sholapur district Bombay, Satara, Bombay ; Naraina S. M. Country ; Dharwar, 
Bombay, Woodrow ; Jaipur, Rajputana. 

Pemkacherla, 1,200 ft,, Anantapur I)ist. Madras July 1889, J. S. Giimble, 

Gima, Isagar Dist., Gwalior 1867, Coll. G. King. 


10. CUOUMIS 

Cueumis, Linn. Gen. (1737), p. 296 edit. 6, p. 508, spec. edit. 1, p. 1011. edit. 2, p. 1435 ; Reieli. 
Gen. p. 504 ; Juss. Gen. p. 395 ; Neck. Mem. 1, p. 237 ; Lour. FI. Cochinch. 2, p. 591 ; Sclireib. Gen. 

2, p. 663 ; Tbunb. Prodr. pi. Cap. 1, p. 13, FI. Cap. 1. p. 156 ; Vent, Tabl. 3, p. 515 ; DC. FI. Franc. 

3, p. 690 ; Willd. Spec. 4, p. 611 ; Lois, in Diet. sc. nat. 10, p. 226 ; Ser. in DC. Prodr. 3. p. 299 ; 
Roxb. FI. Ind. 3, p. 719 ; Wight et Arn. Prodr. 1, p. 341 ; Spach, Veg. phan. 6, p. 205 ; Meisn. Gen! 
p. 127 (91) ; Endl. Gen. PI. p. 938 ; Torr. et Gr., FI. N.-Amer. 1, p. 543 ; Arn. in Hook. Journ. of 
Bot. 3, p. 278 ; Wight in .4.nn. and Mag. of Nat. H. 8, p. 270 ; Roem. Syn. fa.sc‘., 2, p. 15, 68 ; Miq. 
FI. Ind. Bat. 1, parti, p. 670 ; Naud. in Ann. sc. nat. set. 4, v. 11, p. 9”et v. 12, po. 108 : Rond in 
Harv. et Rond. FI. Cap. 2, p. 494 ; Benth. et Hook. Gen. pi. i, p. 826 ; Hook. f. in Oliv. FI. tron. Afr. 
2, p. 542: Roiss. FI. Orient. 1, p. 758 ; Cogn. in Mart. FI. Brass, fasc. 78, p. 15 ; Clarke in Hook! 
f., FI. Brit, Ind, 2, p. 619. ('ucumis et Melo Tourn. Inst. p. 104, tab. 31, 32 (1700) : .4dans. Fain, 2. 
p. 138.— RigocarpiLS, Neck. Eleni. I, p. 238 (1790). 

* Dymook, W. (i885). Mahria 3Iedira Went India 341 
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Annual herb with a pereniiial root, cliinbing or trailing, hispid or seal/rous. Tendrils simples 
sometimes stright and spinescent. Leaves entire or palmatelv 3“7-Iol)ed or o-ungltsL Flowers 
yellow, monoecious. Alale flowers fescicled (rarely solitary); Calyx tube t!ir]>inate or eiunpauulate ; 
lobes Oj corolla subcampanulate, deeply o-Iohed or o^partito; Staiuejns free : fllarneiits sliort 5 
anthers free oblong, one the otliens 2-celIed, the cells linear; straight curved or flexuose, 

the conncKrtive prodiieed above into a papillose appendage. Pollen sinooth. Hudimentary ovary 
gland uliforni. Female flowers solitary. Calyx and corolla as in the male. Rudimentary stamens o. 
Ovary ovoid or globose, 3-D-pIacentiferoiis ; ovules many, honV.ontal ; style short : stigmas o}>tiis<\ 
Fruit fleshy or corky, globose or cylindric terete or obtusely 4-angled, sinooth or eehiiuite, indeliiscent. 
or 3-valved and tardily dehiscent. Seeds numerous, oblong, compressed, usually smooth. Dist. 
Tropical Asia and Africa, a few in Australia and America ; species 26. 


Key to: the specie 

A, Fruit sinooth, glabrous or pubesceut 

B, Perennial ; leaves deeply cut into 54 obtuse lobes, scabrid . . i,€.irigonm 

BB. Annual ; leaves usually 5-aniglecl softly hairy, spherical ovoid elon- 
gated or contorted . . . . . . . *2.C, Meh* 

BBB. Annual; 5 angnlar or slightly Jobed, bispiduloiis, fruit glabrous 
sometimes tiiberculated eoinmonly elongate . . . . 

AA. Fruiteehinate . . , . . 4, O. propAdemw. 

1. Cucumis trigonus Roxb, Hort. Beng. 70 ; W. & A. Prodr. ;>42 ; Wight Lc, t. 4-97 ; Wiglit 
111. t. 105 ; Boiss. FI. Orient, ii, 758 ; Dalz. and Gibs. Bomb. FL 103 ; Naiid. in Ann. Sc. Nat, Ser, 
4, xi, 30; C, turbinatus Roxb. FI. Ind. iii 723; Miq. FI. Ind. Bat. i, pt. i, 671 : f h a/u/feraA7>etofm' 
Roxb. Lc. Wall. Cat. 6734; C: 3Iel(K var. agrestis "SaMd. l.c. 1$ : (L puhescens WM. Cat. 6729 ; 
Royle 111. t. 47 ; G, pseiido-colocynthis Royle, 111. t. 47 : (7. eriocarpus Boiss. Diagn. ii 59 ; Hn/onia, 
t caliosa Herb, Rottler ; F.B J. v, 2, p. 619 ; Woodr, in Journ. Bomb. Nat. v. ii (1898) p. 640 ; Watt. 
Diet. Econ. Prod. V. 2, p. 635. 

Perennial, scabrid, monoecious ; stems 3-5 ft. long, vslender, angled, rough with sliort rigid hairs 
Tendrils simple. Leaves sub-orhicular in outline, 1-2 in. long and broad (sometimes larger), scabrid 
on both vsurfaces, Ixispid on the nerves beneath, cordate at the base, deeplj' palmately u-l-lobeil, the 
lobes ovate oblong or obovate, often narrowed at the base, rounded at the apex, lobulate or dentate ; 
perioles slender, striate, seabrici, often hispid | to 2 in. long. Male : pedunedes slender in. 

long, in small clusters (rarely solitary). Calyx narrowly campamdate, hairy : tube in. long: 
teeth short, subulate. CorollavVellow, in. long : more or less pubescent : segments elliptic, acute. 
Appendage of the connective of the anthers a little shorter than the anthers. Female fimeen : ped- 
uncles slender 1-1 in. long in fruit. Ovary hairy. Fruit ellipsoid or sub-g!ol)osc, when young strongly 
' eehinate gradually becoming smooth at maturity, i{> by 1]: in. In Bombay districts, 2-2F'';; l-|'*-2'^ : 
longitudinally veriegated with 10 greim stripes, pale yellow when ripe with bitter pulp. Seeds white 
ellipsoide, not margined. 

Flowens June to October. 

Habitat 

Throughout India, Distributed to Malaya, North Australia, Afghanistan, Ih^rvsiji. Tlie mountain, 
tracts of Coromandel Centixal Bengal, Central Provinces and the Punj 


Indore 30-8- 18, Coll. P. Mukerjec ; Sagor 
Royal Botanic Garden, Calcutta 6734 I) 

Madras ; Ycttanhatti 1,000 ft., Bellary, July l885,(*oll. G, 8. Gamble ; Kaiija, 
Cliilka Lake, Ganjam Dt., 10 August Coll. D. Hoo}aT ; Thana, Bombay 
Kov. 23, 1898, Coil. G. M. Ryan ; Coimbatore 1,000 ft,, 5tb April 1870, Coll 

C. B. Clarke; Slievaroi Hills, S. India ; Metfupeiiaym, 1,100 0.. Com }>a tore 
Hist., 


Occurrenc.e 

(Viitral India 
Wall, (’at. 
Pen. India 


N. W. Miinaiava 


o2 
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2. Cucimtis Melo Linn. Sp. PI. 1753, 1011 ; Roxb. FI. IncL iii 720 ; Wall. Cat. 6738 ; W. & A 
Pxoclr. 311 : Jaccp Moiiog. du Melon t. 1-33 ; C . utilissirna^Roxh, l.c. 721 ; Wall. Cat, 6731 : C. Jlexusus 
Linn.; C. Niacalafu^ Willd.; C. Gurmia and 0. Chata Wall. Cat. 6726 ? and 6727 ; C, cicaixmd'ux Stocks. 
In Hook. KeA\', Jonm. Bot. iv. 148 ; Watt. Diet. Econ. Prodt. v. 2 p. 627 ; Cogniaux, in DC. Alonogr. 
Pban V. 3 (1881) p. 483, 

The sweet raeloin Verin Sans. Kannitja : Beng. K/mnmj, plmti, hil^ur, hangi ; Hind, Kharbuja, 
Mh(((biij : Smjt. Tarbnj ; C.P. Dangra ; Kangra Kharbiiza ; Bomb. Klm/rlngja. kluirbuj ; cJdbuda ; 
Mar. (ddburda ; Guz. Tar6?/r7?n ; Sind Gidhro ; Ladak. Zaghum ; Afghan. Srodn (yi svrda paUz ; Tam. 
Veil an verai ; Tel. M'ldampwyida : 

Annual, stem creeping, branched, obtusely angular with stiff (sometimes hooked) hairs on the 
ridges. Tendrils simple. Leaves 2^ in. long and about as broad as long, acute, at the apex, cordate 
at the base more or less hairy on both sides, denticulate, usually 5-angIed ; petioles 1-14 in. long, 
grooved and roughly hairy. Male flowers in axilary fascicles of about 2-3 ; peduncles A in. long, 
very slender densely hairy. Calyx densely hairy ; the tube narrowly campanulate, in. long ; 
teeth -^in. long, subulate, densely hairy. Corolla J-| in. long, the segments hairy outside, often 
terminated by a hairy apiciilation. Female flowers : calyx tube constricted above the o\'ary. Ovary 
ellipsoid, clothed with long bristly deciduous hairs. Fruit ellipsoid or turbinate, about l.Ain. long, 
smooth or with a few small bidstles. Seeds numerous, narrowly ovoid, compressed smooth. 

Flowens January to October, 

There are several varieties differing in properties and in the size, shape and appciirance of the 
fruit. Dutliie and Fuller describe two varieties. Var. 1 Momordica and var. 2 UlUissinia (Field and 
Garden Crops, 1882, tt. 53, 54), Var. agrestis is common in the neighbourliood of Boml)iiy and on 
the Western Gliats. 

Habifut 

Cultivated throughout India, especially in the sandy beds of rivers. Distributed througli C!ilti- 
vation in most hot countries and according to Clarke it may l)e a cultivated form of (\ frigoau^, Tiie 
origin of the plant is uncertain. M. de Candolle considers it to i)e probably a native of N. W. India, 
Baluchistan and perhaps tropical Africa. 

Several cultivated varieties of this species are met witli in India. Il is diflicnlt to enumerate 
all the varieties in absence of ci.uthentic specimens. The two predominating varieties, viz., ( 1 ) laotaor- 
iica (2) viilissima are given below. Var. momordim. The fruit is cylindrical, smooth, not fluted but 
it is frequently mottled. Two forms of this variety are readily recognised — the one grown in 
the rains and the other in the hot season. The fruit bursts s])ontanet)usly when ri]>e : it may grow 
upto 2 ft. in length and upto 6 inches in diameter. The seeds arc smaller than the \'ar. proper. 

The seeds arc used as a cooling medicine. 

The fruit is much eaten by the Indians and the Europeans alike, when young they may be used 
as substitute of ciicumlier, when ripe, with the addition of a little sugar, they are scarcely inferior to 
the melon and reckoned very wholesome. 

Cultivated here and there tliroughout India. 

Var. iitilissima : Beng. Kahir or kankur, kakri. 

The fruit varies from short oval or cylindrical to elongate and is either straight or curved like 
some varieties of cucumbei*. The seeds are smaller and slender than melon proper. Cultivated in 
Bengal, the North-M'est Provinces and the Punjab during the hot weather and tlu^ rains. 

The seeds of these useful s])e.cies of cucumis are described as cooling, edible, imtritive. and diuretic, 
and are used in painful micturition and suppression of urine. Two drachms of seeds, rubbed int(? a 
pulp with water, are given alone'or in combination with salt arid Kanjika, (U.C.Dutt). ( )‘8haughn(‘ssv'’‘‘* 
says ‘‘ The })owder of the toasted seed powerful diuretic, and serviceable in j)romoting the passage 
of sand or gravel 
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STUDIES ON INDIAN CUCURBITACEAE 


l] 







Occ^jrrencc " 

Assam ..... Dliekia jiili, April .1902, Coll. A. C. C'hatterjee ; Siiigra-bari A]>ril J 902, Coll. 

A. C. Chat ter j ee ; Dhiibri, June 1902, Coll. A. C. CliattcM’jee ; Margherita 
February 1902, Coll. A. C. Chatterjee ; Goiihati north side of Brahmaputi*a, 
April 1902, Coll. A. C. Ohatterjee ; Drang, March 1902, Coll. A. 0. Chatter jee ; 
Mangaldai March 1902, Coll. A. C. Chatterjee ; JNbizira, July 184 J; 
.Beiigal . . • • * Howrah Dist,, Sept. 1809 ; Coll. S- Kurz ; Agartala 800-1,000 ft.. Hill Tipperah 

27-9-14, Coll. P. M. Bebbarman ; 

Burma . . . . Pegu, Coll. S. Kui'z ; Pagan, 3-1-68, Coll. Anderson ; opposite Miiibii town 

8th March 1903, Coll. Aubert & Gliose, 

^,.Cuetimis saUvus LiiiB. Sp. PL 1012: Lamk. 111. t. 795; Koxb. FI. Ind. iii 72 ; Wall. 
Cat. 6737 ; W. & A. Prodr. 342 ; Miq. FI. Ind. Bat. i. pt. i, 671 ; Naiid. in Ann. Sc. Nat. Ser. 4, xi, 
27 ; Kurz. in Joiirn. As. Soc. 1877, pt. ii, 103 ; C\ muricata Wall, Cat. 6735 A ; G. Ha/rdwickH^o^h 
111 t. 47. 

The cuciiinber. Vern. Sans. Snkasa, Trapiisha ; llind, Khira ; Beiig. Sasa, M 7m / Orissa 
Kakm ; Idh. Khira, kidyur ; Simla Kakri ; Bomb. Kakri ; Mar, Kakdi ; Tam. Mvhvekri ; Tel. 
Doza-koia ; Kan. Santa hviji. 

Stems scabrous. Leaves ovate 5-angular or slightly lobed, lobes acute hispidiilous on both 
surfaces and also often with soft hairs, 3-5 in, diam. petiole 2-3 in. Female peduncles sometime 2 ^ 
petals I in. young ovary miiricate with rigid prickles. Fruit glabrous sometimes tuberculated common- 
ly elongate, 1 2 by 1| in. 


Habitat 

Throughout India, cultivated. Distributed in all the warm and wann-teniperate countries, 
cultivated. Wild not known. 

There are two primary varieties of this species, one a creeping plant cultivated in the fields during 
^ the hot season and the other a climber cultivated near the homesteads during the rains. The hot 
weather variety bears small egg shapped fruit, which is generally greenish or blackish in colour. It 
is sown in February to March in any soil, preferably a rich one. This is the proper khifa> or kMmi 
of East Bengal. The fruits are smaller, thicker, globuler or bluntly triangular. 

The rainy season variety has much larger fruits. There are two forms of this variety, the one 
having dark green fruits and the other of creamy white colour; both when full grown turn rusty 
l)rown. The rainy season variety is the most common and is universally eaten by people of all 
classes . Both these varieties are eaten ra,w but the latter variety with cylindric friiits are generally 
used in the curry. 


Medicinal use . " 

^ ^ The leaves, boiled and mixed with cum in seeds, roasted and powdered, are administered in the 
’f throat affections. Powdered and mixed wit h sugar they are also powerfully diuretic and are sold 
in the bazans of 

In sunstroke, pieces of ciicuinber are put on the bed so that the patient may l)reatlie moisten ed 
air in order to niitralize the heat of the body ;L(A Su 

The seeds yield an oil. ' 


Occur ence 
Assam 

X. W. Hiinalava 
Wall. Cat. . 
Bengal 

Burma 

Laceadivc*s 

Sikkim 

l.Vu. India 


Sadiya iViigust 1909, Lakhimpur, Doll. Pv. K. Das; Nowjaii 400 ft., Naga 
Hills, 14. Oct. 1885, GgH. C, B. Glarke 
K. W., India.;- 

Ken varikot, 24. April 1809, 6737 E 

S. -Kurz ; Agartala 600-800 ft., Hill Tipperah Sept. 1915, Coll. P. M'. Debbar- 
man ; Royal Botanic Garden, Calcutta Bainunpiikri 30-7-76 
Pevu Febrna^^' J901, Coll. S. Kurz 
Kiltan. 1891, Coll. H. XL J.M. Investigator ” 

KalimpoTig 4,000 ft., Darjeeling 9. Dec. 1879, Coll. G. S. Gamble ; Sal Forest 
1879, Coll. G, King 

duntagandi Hill near Marudumalli, 1,000 ft. Ha7npa Distrief, 30-9-20, Madras 
Presidency, Coll. V. Xarayanaswami 
Abnx, 1868*^ 


I 


.'i 


J 


Central India 
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4. Cueumis prophetm^mi Limi. Cent, ' L IV2 ; Wall. Cat. 6733 ; V\C & A, Prodr. iii. 342; 

BoisK. FI. Orient, ii. 758; Naud. in Ami. Sc. Nat. Ser. 4, xi, 14 ; F. B. I. v, 2, p. 619 ; Woodr. in / 

Journ. Boiidn AOit. ii (1898) p. 640. ' 

.Honoec.ious. Stem slender, angled and grooved, scabrid. Tendrils very short, ■' s 

sti'iate, sometimes o, T^eaves polymorphous, rigid ^-2 in. long and broad, somewhat ash coloured, 
seabrid, coarsely hairy on the nerves beneath, cordate or truncate at the ba,se, frequently 3-lobed, 
the lobes often lob ulate with rounded apices, the terminal lobe often contracted at the base ; ner- 
ves prominent beneath ; petioles |-I in. long. solitary or fascicled ; peduncles filiform 

densely hairy, bi. long. Calyx tube subcylindric, in. long : segments ovate oblong, suba- 

eute. Filaments filiforin slightly hairy; anthers oblong, the appendage of the con.nectA’-e sliglitly 
dilated at the apex. Fenuile flowers : peduncles (in fruit) stout, |-1 in. long. Fruit siibgiobose 1-1|- 
in. long and nearly as broad, longitudinally striped with gicen and white, echinate, the spines not or 
scarcely pungent, in. long. Seeds ellipsoid, not margiiied, J in. long. ^ ^ 

y Flowers .July to, August. ’ !’> 

Habitat . . ' ■ I 

, In Bombay Presidency, it 'is, coiifinedtto .Sind., Distributed do . Baluchistan; Arabia, Tropical ' 

Africa to Gumen, i 

I 

Occurrence | 

Bombay ' . '■ »■ Landhi, Karachi, Sind, 13tii Angiist, J9I2,, Co].l.,D. Hooper; Sind,. Coll. J. ,E. 

■' Stocks . ' 




mi 


■ . 11.. CiTB'lJLLlTS ■ 

Citn(lMsC^N.eck.. Elem. I, p.'240 (1790) ; Schrad. in Eckl. et Zey.h.,E.num,'pl. Afr.,,ai.istr,„2,.'p. 279 
'(dAn..''Linnaea,Gc3,j>. 41^^ lleis'n. Gen, p. 126'' (91)'; Spach. veg. phan. 6, '212'.;, Eiidl. Gen. p. 937 ; 

Roem. Syn. fosc. 2, p. 12, 49 ; Webb et Berth. Phyt, Canar. 2, p. 3 ; Miq. FI. Ind. Bat. part 1. p. 661 ; 

Naud. in Ann. sc. nat. ser. 4, v. 12, p. 99 ; Benth. et Hook. Gen. 1, p. 826 ; Hook, f, in Ohs'. FI. trop. 

Afr.-2, p. 548 ; Cogn. in Mart. , FI. Brasffasc. 78, p. 18 ,: Clarke in Hook. f. .FI.. Brit. Ind. ii, p. 620. — 

Vwlocynthu 'Tourn. Instit. ,p. 107. — (hic/urhitm et Cucumeris spec , , .Auet. 

Perennial lierbs usually trailing. Tendrils 2-3’-fid, rarely undivided. Leaves deepiv M-T-IoIhmI, 
the lobes usually lobulate. Flowers rather large, yellow, monoecious, all solitary. Male flmvers : 
calyx tube broadly campanulate ; lobes 5. Corolla 5-partite bewond the middle, sub-eampanulate ; 
segments oblong ovate, o]3tuse, Stamens 3 ; filaments sliort, tree ; anthers scarcely coliering. one 
]-('-e]]ed, the other 2-celled, the cells linear, flexuose, the connective not produced. Pollen smooth, 
Puidimentary ovary glandiiKforrn. Female Jlowens : calyx and corolla as in the maim Riidirnenta.rv 
stamens 3, setose or ligulate. Ovary ovoid, 3-placentiferous ; ovules many, horizontal ; st}ie short ; 

stigma 3, thi(‘k. reniform. Fruit globose or ellipsoid, smooth., fleshy, indehiscent. Seeds verv inanv, 

iiuich compressed, smooth. Distributed to tlie Eastern Wediterranean region, Tropical .Vfrica, \W\stern 
Asia. Species 3. 


Kev to the 

Leaves hoarsely seabrid ; fruit globose small ..... 

Leaves glabrous or somewhat hairy, hardly sea])rid ; fruit generally larger 


1 . ( \ col()f‘f/ralri,s 

2 . C, vuJfjarh^^. 


1. (Hfrullus (Joloeynthis (Linn) Sclirad. in Linnaea .vii (18:iS) 41.4 : Am, in ILtolc. Journal 
Bot. iii, 276 : Wigiit Ic. t. 498 ; Miq. FI. Ind. Bat. i. pt. i. 602 ; Naud. in Ann. Sc. Naf. ,scr. 4. roi. 
xii, 99; DaJz. & Gibs. Bomb. PI. lOl ; Boks FI. Orient, ii 759; C)ieiiii>i,s rolurifuJ/ilf; Linii ; 1)0. 
Prodr. iii. 302 : Boxb. FI. Ind. iii. 719 : Wall. Cat. 0732 ; W. & A. Prodr. iii. 342 ; Wocxlr. in .liiurn. 
Bomb. Nat. v. ii (1898) p. 040 ; F.B.I. ii. p. 619 ; Watt. Diet. Econ. Prod. 2, ji. ri3,5. 

Colocyntb. 4krn. Sans. Indravarnni, vishah, indralvanmi, nial-hal : Hind. I tidranw) . iunhtl : 
Beng. Maki-L ni-drayan ; Pb. hulmmimara-ghim'-, kartumu; nhnruniha, knr/aiin)ia«. Inwhi. ylinrintihu. 


A 
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tmMmnba.. (^nanzal ^mA mdmywn fmh i t^ikMirn and tunma seeds) ; Sind. Tm-jo-ffodiL t n (-jo-par : 
Giij. Trnrui deda, frm, indravama, indmimia, indraJ: ; ^on^. Irdray an : Mar. hvJrayan iadra^mia ; 
kadu vriMdmmia, thorh mdnmjmh : Tam. PayetimuH, peydco-muttm^^ peyt-famiatfi, rerit-i 'infia4ii . 
Tel. Piista, Imya-choyth^^^ \ Kan. TmnM kayi. 

Monoecious; root perennial; stems diffuse or creeping, slender, angled, branched, hirsute or 
scabrid. Tendrils simple or 2'fid, slender, hairy* Leaves very variable i|-2t by 1-2 in. in the wild 
forin (larger in the cultivated one), usually deltoid in outline, pale green above ashy beneath, scabrid 
on both surfaces, 5-7-lobecl or very commonly 3-lobed, the middle lobe the largest, each lobe deeply 
piniiatifid or sinuate lobulate. the segments obtuse; petioles |-1 in. (larger in tlie cultivated form) 
densely hirsute. Male flowers : peduncles in. long, villous. Calyx hairy, campanulate, in. 
long; teeth lanceolate, jh in. long. Corolla | in. long, pale yellow; segments obovate, apiciilate. 
F&}nMe flowers : ovary ellipsoid, densely hairy. Fruit globular slightly depressed, 2-3 in. in diani., 
variegated green or white, glabrous when ripe filled with a dry spongy vety bitter pulp; epicarp 
thin. Seeds in. long, pale brown. 

Flowers November to January, 

Habitat 

Throughout India, cultivated and very often apparently |\dlcl Distriluited to Western Asia, 
Arabia, all over Africa except the Cape, Spain. 

Medicinal use 

The -Pharmacopoeia of India describes colocynth as a hydragogue cathartic, iisefiii in constipation, 
hepatic and visceral congestions, dropsical affections, and other cases requiring purgatives. Sans- 
krit writers describe the fruit as bitter, acrid, cathartic and useful in jaundice, ascitis, enlargement 
of the abdominal viscera, urinary diseases, rheiimatisni etc. An oil prepared from the seeds of Indimi 
cylocynth is used for blackening grey hairs. A poultice of the root is said to be useful in inflauima- 
tion of the breasts ( IJ. C.. Dutt, Blat. Med. Hind.). According to the Mulxamrnadaii v- riters, coloeyritli 
is a drastic purgative, which removes phlegm from all parts of the system. They reerxmirienci tlic 
fruit, leaves and root in costiveness, dropsy, jaundice, colic, woriiis, elephantiasis etc. It acts as 
an irritant on the uterus, and its fumigation brings on the menstrual flow. The author of the Mabh^^an 
describes a curious mode of administration. 'tAsmall hole is made at one end of the fruit and 
peeper-corns are introduced ; the hole is then closed, the fruit enveloped in a coating of clay and buried 
in the hot ashes near the fire place for some days ; the pepper is then removed and used as a carini- 
native aperient. Similar preparation is made with rhubaub root instead of pepper ” (Dymoek, 
Meieria MexUea Indi). Murray* in his Apparatus Medicandmrn, reGommen^ the use of tiiic- 
ture of colocynth in cases of gout, rheumatism, violent headaches and palsy, in doses of fifteen drops, 
morning and evening. Dr. Kirkpatrick states that the rind with rhuburb is used by the native prac- 
titioners in supression or repression of urine. Colocynth is rarely employed alone, it is generally 
given in combination with other purgatives and carminatives. It commonly causes griping, when 
used alone; in excessive doses it produces inflammation of the intestines and even death. Tlie 
principal efficient forms for the use of this drug are the compound extract of colocynth, compound 
eoiocyntli, pill ajid colocynth and henbane pill (Bently and Trim. Med. Pb. 114). Shorn the pulp 
of this fruit a watery extract is prepared, which is much employed as a purgative in the form of pills. 

According to Dakell and Gibsonf a compound extract of colocynth is prepared in large quantities 
at Hewra, for the supply of the medical stores. In the Punjab the fruit is extensively employed as 
j)iirgative for horses. The pulp of the fresh fruit mixed with warm water, or tlie dried pulp with 
ajwan, is reckoned as a special remedy in cholera. The dried root reduced to powder is given as a 
purgative (Bellew in Watt’s Dictiomry of Econonde Products). Stocks says the root and the juice 
are botli used medicinally in Sind. In a report of the drug shown at the late colonial and Indian 
exhibition from Baroda, the properties of the fruit and root are given in very nearly the same teixus 

* J. A. (1881). Plants and Drugs of 39 

t Bal'/.eil, -N. A. iind Gibson, A. (1861). The Bomiay Flora ^ iOl 
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as above. So tliat tlie kiK^wledge of this drug seems very extensively diffused over India.. I^sed 
in drop'sy and ainenorrha^a (T. Rnthnain. Aladras). First rate inedicine in asthma” (V. Uinmeg- 
udien, Abddapollian, Madras). 

Act. Frin. : Bitter substance,; Oolocynthin, Colocyntlietin. 

( )fn.ci a I preparation — Extract of colocynth, dose grain ; compoimd extract of colocynth dose 
4 grains. 

Penirisnlar India , ^ . Bodinayakamir, Madura Dist., Madras, December 1910, Coll. A. Meebold ; 

Biikkapatarn 2,000 ft., Anantapur District, Madras, July 1884, Coll. J. 8’. 
Gamble; Tirukarmigiidi Timievelly I)t., Madras J 1th February 191 J, Coll. 
I). Hooper and M. S. Eamaswami ; Nandavaram, Nellore Dist., 24. July, 
1914, Coll. M. S. Bamaswami 

N.AA. Himalaya , . . Sutlej valley, Kuuiharsaiii (Punjab States), Kiilii and Ivangra, 3,500 ft. Punjab 

26th September, 1894, Coll. Reporter on Economic Products to the Govt, 
of India; Punjab 1,000 ft,, Coll. T. Thomson; Afghanistan & Nortiiern 
Baluchistan Coll. T. E. T, Aitchison 

Bahichistan . . . . Nal. Kalat Beluchistan, 1877, Coll. 0. T. Duke ; Ivacha Daman, Kalat, 5,0<X) ft., 

28tii July 1912, Coll. A. Watson; Mahit f 3,(X)0 ft., 22nd August 1912, Coll. 
A. Watson ; Karwa Tu (Sind) ; Mir Ali Khel, 3,600 ft .. 18-5-96, (k>ll. Harsukeh; 
Banks of Jamna 2nd July 1813, 6732 B, Wall. ( 'at. ; Ndikach 3,500ft.,2:)-5-95, 
Waziristan. Coll. Harsukeh : Lar Koh 3-4,000 ft., Sept . 1912, ( 'otl, Lieut. 
G. E. Everett , 

2. CUrulluB milgaris SehveixL ex Eckl. & Zcyh. Ernnn. 279 ; Naud. in Ann. He. Nat. ser. 
4, xi, 100 ; Dalz. &: Gibs. Bomb. FI. 102 ; Kur^. in Jonrn. As. Soc. 1877, pt. ii, lOJ ; 0, fistulosus 
stocks in Hook. Kew Journ. Eot. iii, t. 3 ; Cticunm citridlm DC. Prodr. iii, 301 ; (hiourhlta eit/ndkis 
Linn. Roxi). FI. Iiui. iii, 729 ; Wall Cat. 6717 ; W. & A. Prodr. 351 ; Watt. Diet. Bdeon. Prod. v. ii, 
p. 331. and Woodr, Gard. in Ind. ed. 5, p. 331. 

The water melon. A'ern. Sans. Taramhuja, chayaqndu ; Tirrhiza, (aSuz, tm?nuz, 

kafb'Hz, hahinda, kkfdwima, sa/manhi ; Beng. Tarbuza, tarmiij ; Pb. Ttirhuz, matJdra, nindal ; 
Sind. Km'kjo. chavho^ m eJio ; Giij, Tarbueh, tiirbiickj Twrh}ij, kabingad, kaUfiga. 

pharai. Mar. TarhuJ^ ludingada ; Tam. Piicka, pud/urn. 

A climbing or trailing, hispid annual. Stems branching, angular ; tendrils 2-fid, firm : pubescent. 
Petioles about 2 in. nearly round, villous ; blade of leaf 3-5 in. long by 2-3 in. broad, triangular ovate, 
cordate, deeply trifled ; segments jii^matifid, terminal one larger : lobes undulate or lobulate, pale 
green above, ashy l)eneath. Flowers monoecious, axillary, solitary, rather large. Male flowers : 
peduncle shorter than the petiole ; calyx campanulate, lobes narrow’ ly lanceolate. Corolla about 
an ineh in diani., greenish outside and villous ; segments ovate, oblong, obtuse, o-nerved, stamens 
3, anthers free. Female flowers : calyx tube fused with the ovary, contracted above, lobes and 
corolla as in the male : ovaxy ovoid ; densely villous ; style short, stigmas 3. Ehuit large, ovoid, 
pale or dark green or mottled, some times covered with a glacous waxy bloom ; fhish white, yellowish 
or red, at times deeply pink. Seeds compressed, and usually margined, varying mud] in shap and 
colour. Some of the verieties growm in Alibay in the Kolaba District, have glacous green globose 
frxiits. 

Yax. flsMosus Stocks Squash melon. Punjab. Tinda, has thick steams. leaves sj)aring!y 
lobed, and is plentifully supplied with long somewhat liispid hairs. The fruits are almost round and 
are of the size o^ a criket ball with sparingly spinous hairs on the snrfoce. Used in vegetable before 
it is full grown. Cultivated in North India. 


Habitat 

Cultivated tliroughout India. Distributed through cultivation in all w’arrn countries of the 
world. 

The wild plant may be either bitter or sweet withoxit any observab](^ structural (iifferences, 

The bitter form comes very close to C. colocynthis, when that species is cultivated (W'utt). Cultivated 
thro ughout Ind ia . | 

Linnaeus believed it to be a native of Southern Italy, while Seringe supposed it to 1)6 indigenous I 

to India and Africa. It w’as afterwards discovered that it grew wfild in Tropical Africa, Livingstone ^ 
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saw distxict^s litemlly covered with it, and the s and several kinds of wild amnials eagerly 

devoured tlie wild fruit.” It was cultivated by the ancient Egyptians, as appears from tlieir paint- 
ings. The chmese only received the plant in the tenth centurv of the Christian era (DC., Orig. Cult. 
PL 263). , ■V:'-;. ^ L „■ ' 

Medicii>(ihuuf other uses 

The st'-eds are used as a cooling niedicine. Dyinock* says that they are in great demand and kept 
decorticated and ready for use. In Bombay they are considered cooling, diuretic, and strengthening , 
and. are sold in the baisars along with other cucurbitaceous seeds. Ainsliet remarks that the vytians 
prescribe the juice of the fruit to general thirst, and also as an anticeptic in typhus fever, in which 
cases he hiniself administered it with good residts. 

'' Cooling as well as a diuretic ” (Asst. Surgeon Ananda GhaiidraAIrLkerjee, Noakhali). 

Oil : The seeds yield a clear, bland, pale coloured, limpid oil, used for burning the lamps, and probably 
also as an edible oil (Watt’s Diet. Econ. Products). 

The li’uit is wildly used by all classes of Indians as a cooling sweet drink during the summer to 
quench thirst. Tinda {C. vidgaris^ Ya:r. fistuhsa) is a common vegetable in Northern India. 


. Mysore and Carnatie (cultivated), Coll. G. Thomson ; Trichonopoly, 3rd Septem- 
ber 1878, Coll. G. King 

• Amritsar, Juno 1855 

. Banda (cultivated) 17th May 1901, Coll. Mrs. A. S. Bell 
. Pukhuria, Manbhum, Coll. Eev. A. 0. Campbell 

. Dacca, 16th June 1872, Coll. C. B. Clarke ,• Agartala 300 ft. Hill Tipperah, 
April 1921, Coll. P. M. Debbarman ; Coll. S. Kiirz ; Harinkhola, Jahanabad, 
12th March 1902, Coll. J. D. Kaskar; Goghat, Hughly Dist., August 1902, 
Coll. A Hossain Dingra Ghat, 29th August 1877, Coil. G. King; Royal 
Botanic Garden, Calcutta 

. Kamamoung, Salween, June 1912 Coll. A. Meebold ; opposit Minbu town, 
8th March 1903, Minbu District. Coil. Gage ; 8u jin, August 1891, Coli. Abdn 
Huk" ■ 

. Gorakhpur 2-5-98 
. Multan, Bombay, ColL Dalzeil 
, Dhubri, February 1902, Coll. C. Chatter jee 

• Karachi, 1st May 1913 (var. fistuiosus) 

12. COCCINIA 

Coccinia Weight & Ern. Prodr. (1834) p. 347. Cephalandra Sclirad. in Bckl. & Zeyh. Enum. 
PI. Agr. Austr.' (1836) p.. 280. 

Slender scandent or prostrate herbs, root often tuberous. Tendrils slender simple. Leaves 
petiolate, deltoid, or subrotund, angled or lobed, sometimes glandular beneath. Flowers rather 
large, white or yellow dioecious. Male flowers solitary, or sub-corymbose at the apex of a peduncle. 
Calyx short, campanulate or turbinate ; ■ limb 5 lobed. Corolla campanulate, shortly 5-fid. Stamens 
3; filainents connate into a column, rarely free ; anthers connate into a cap itulum or cohering, 
the cells conduplicate. Rudimentary ovary o. Female flowers solitary. Calyx and corolla as in 
the male. Rudimentary stamen 3, bifid. Fruit baccate, ovoid or ellipsoid, indehiscent. Seeds 
many, ovoid compressed, margined ; testa smooth or scrobiculate. Distributed to tropical x4sia, 
tropical and south Africa; species 13. 

This genus v-as established as Coccinia by Wight and Arnott in 1834 two years prior to the 
publication of the genus as Cephalandra by Schrader (1836). 

Cocemki kifU-ca (Naud) Wight & Arn. Prodr. 1834, p. 347 ; Ce/phakmdm mdica Naud. in Ann. 
Sc. Nat. Scr. 5, v. 10; Kurz. in Journ. As. Soc, 1877, pt. ii, 103; Momordioa monadelpha Roxb. 
FL Ind. iii 708 ; Bj/ronia grandis Linn. f. SuppL 126 ; Wall. Cat. 6700, except D, I, K. L ; Bryoma 

Dvmock, W, (1885). Materia. Medica W. ItnVa, 2S9 
t Ainslie. W. (1S26). MaUria Medica, 217 
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pcdmaia all Ca;b. 6711 i, B. C; Wiglit IlB t. li)5 : Dene, in, Jo,cq. Yog. Bot.A. 72.; Hook Ic, 
~PI. 1. 138 : Miq. FL Ind, Bat. i,. ptCi, 673 Dak,. & Gibs. Boinb. FI. 103 (1 scliimperi, Hand Lc. 
Ser. 4. xii/lB ; 'O. Wighl^iana Roemr Synops..ii93 ; 'Miq. 1. c. 674 EJieede Hort. MaJ.A'ii= 6. 14 ; Woodr. 
in Journ. Bomb. Nat, v. ii (1898) p. 640 ; Watt/ Diet. ' Econ. Prod. v. 2, p. 252 ; Brijonm mrdi/fcMa 
Linn. Sp. PL (1753) p. 1012 ; Cocom7amo/d'v^fo,-Goginaux in DC. Monogr. Plian. v. 3, (1881) p. 529. 

Venn : 8ans. Bmiba (or vlmba}, biniblka ; Hind. BMmb, kmidunkibel or kwiduri ; Yb. Kandmi, 
(jhol huvdrit ; Beng. Tekilmcha, bimba ; S'md Gokirii, kanduri ; Guj. Phohe, g I ttru, galedu ; Bomb. 
Tendli, nm^mhdku temlulk bhimb ; Mar. Zidmli, iendli, tondali, bimbi ; Tam. Moved, kioe, hum; 
Tel, Doitda, binibdca, kemkidmuiu, kaidonda ; Mala. Kwelkooa ; Kan. Tondeballi, 

Pereiiiiial, seandent or prostrate, much bi'anched ; root thick ; stem grooved, slender, glabrous ; 
tendrils slender, striate, simple. Leaves 2“4 in. long and broad, bright green above, pale beiieatli, 
studed and sonietiiiies rough with papillae, palmately 5-nerved, from a cordate base, with globular 
sliining glands in between the main nerves principally towards the ba^sal, side of the blade obtuse 
5-angled or soinetimes deeply 5-lobed, the lobes broad, obtuse or acute, epiculate, more or less sinuate 
toothed ; the principal teeth always ended in a specialised brown point ; petiole f — 1| in. long. 
Male floivers : peduncles 1 -flowered, | — 1| in. long, subfiliform. Calyx tube glabrous, broadly 
caiiipaniilate — T in. long ; teeth 1 10 in. long, linear. Corolla 1 in. long, triangular, acute staminal 
column glabrous; capitiiium of anthers sub-globose. Female flowers: peduncles | — 1 in. long. 
Staminodes 3, subulate, | in. long. Ovary fusiform, glabrous, slightly ribbed. Fruit fusiforin™ 
ellipsoid, slightly beaked, 1 — 2 by f — ^1 in., marked when iinmature with white streaks, bright scarlet 
when fully ripe. Seeds somewhat obovoid, rounded at the apex, slightly papillose, imich com* 
pressacl, yellowish grey. Flowers August to September. 

Habitat ^ 

Throughout India, common, sometimes cultivated. Distributed to Malaya and Africii. 

The anatomical study of the leaves reveals the presence of innumerable deposit of calcium 
carbonate/on the upper epidermal cells. These cells are completely or partially imbeded with the 
salt, exhibiting (lotted appearance on the leaf surface. A number of small shining glands are present 
on the lower surface of the leaf at the basal region on the blade on both sides of the mid rib. Tliese 
glands secrete sugary solution particularly through the superficial tissue into the reserve tissue wliich 
finally escapes out of the body surface. The tracheiclal ends are the channels through whicli the 
liquid is carried into the gland or extranuptial nectaries [Chakravarty (1937) Physiological Anatomy 
of the Cuciirbitaceae, Philipp, J. HcL 63, (4), 111 and 112]. ’ 

Medicinal a/nd other lises 

^fThe expressed juice of the thick tap-root of this plant is used by the leading native Kavirajes 
as an adjunct to the metalic preparations prescribed by them in diabetes.”. '' The expressed jiiiee 
is directed to be taken in doses of one tola along witli a pill, every morning ” (U.C. Dutt, Matm'ia 
Medica Hind.). The root according to Moodeen Sheriff,*^ is sold as a substitute for If (Capparis 
spinosa root) in the bazars of Southern India. The leaves are of deep green colour, and are useful 
as a colouring agent in preparing several ointment from the essential oil. ' The root whmi cut exudes 
a somevdiat sticky juice, which hardens into reddish green on drying, as is very astringent, but 3 iot 
bitter like the fruit ’ (Dymock)t. Tlie bark of the root, dried and reduced to powder, is said to 
act as a good cathartic, in a dose of 30 grains. The leaves mixed with ghee, arc applied as ;i 
linimeiit to sores. The whole plant bruised and mixed with the oi] and 

powdered cumin, seeds, is administered by natives in special diseases. The leaves are applied exter- 
nally in eruptions of the skin, and the plant internally in gonorrlioea. In the Konka-ii the greem 
feuit is chewed to cure sores on the tongue (ex D.E.P). 

The fruit is eaten both raw and cooked. It is eaten fresh v'lien ripe a, ml cooko<J in curries when 
green. 

^ Sheriff Moodeen (1869 )« Supplement tu the Pharmacopoeia of Indm, iiO 
f Dymock, W. (1885). Meterni, Medica WeMlndmt 351 
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, Teliri Garwal TL 1\ 30-9-0], Cb]l, 

. ;Kota.-, RaiTjpa eountay Nellor Diat., Madi*a,;-iu S-IO-1020, ColL V. Nara^'aaiaswami ; 
QoiJoii Travaiieore, Coll. BL Itajaa Ikio ; Coiirtalliim TraYancore, 

29-11-13, Coll. MV Rama Rao ; Lower PaJiii Hills 1,600 ft., May, Coll. Rev, 
C. Rodriguez ; Coimbatore 1,400, 10-7 -1911, ColL C.E.C. Fischer,* MounL 
Nilgiri and Coorg, ColL G. Thomson ; Triplica lie, Madras, Febniar}^ 1876; 
Shevaroy Hills, Salem Bist., ColL Perrottet ; Cape Comorin, Travancore, 
21-10-93, Coll. M, A. Laavson ; Giriki kandia 1,000 ft., 4''8-1905, ColL C.EXL 
Fischer; Muduinadugu 500 ft., Ciiddapa District, February 1883, ColL 
G, S. Gamble ; Sriharikota, Nellore District, August 1883, ColL J. S. Gamble ; 
Tirukarungudi, Tinneveliy District lltli February 1913, ColL D. Hooper 
<& M. S. Rainas\Yami; Papanasani to Miindandurai, TiiineYelly District, 
18th February 1913, D. Hooper & M. S. Ra.mas\rami ; Bahegaon, Chilka 
lake, Ganjam District Sth August, ColL D. Hooper; Colombo 1860 
. Pivinbya, Minbu Dist., »September 1902, ColL Shaik Mokim ; Fort Stedman 
Yawmg-h'vve, 1893, ColL Abdul Tvhalil ; liile Lake, Yawng-h\Ye Southern 
Shan States, February 1917. ColL N. Annandale ; Pakokku, 19tii iVugiist 
1909, ColL J. H. Laee‘ 

. Badami Bijapur Dist., Bombay 1892 ; Andra, August 1868 ; Cuteh, Coll. 
Dr. Stoliezku; Mahabaleshwar 4,500 ft., Satara Dist. Bombay 20th Sept. 
1900, ColL D. Hooper 

. Agartala 500-1,000 ft.. Hill Tipperah, ColL P. M. Debbarman ; Goghat Hiighly 
District, August 1902, ColL A. Hosain ; Sundriban, August 1902, Coll. D. 
Praiii ; Sundriban 21-2-1900, Coll. Janardan ; Banks of river Karnaphuli 
belotv Rangamati Chittagong District, 19th March 1899, ColL A. T, Gage; 
S. Kurz ; Sibpiir, ColL S. Kurz ; Botanic Garden 
. . Singbhum 26th November 1902, Coll. IL IL Haines ; 

. . Banda U. P. 10th May 1901, Mrs. A. S. Bell; Gangetic plain ColL T. T. ; 

Gorakhpur 17-6-98 ; Gorakhpur U. P. 11-5-98, ColL Inyet 
. . Aueiitta, Nov. 1891, Coil. H. M. I. M . Investigator 

. . Batu Gaja jungles, 17-11-1900, Coll. E. Deschamps 

« * Sylhet, 6700 G ; H.B.C. 6700 F, 6700 B ; 6700 C or E ; 6700 H ; 

. . Landli Karachi 13th Aug. 1 913, Coll. D. Hooper. 


13. CUCURBITA 

CticmrUia, Linn. Gen. edit. 1, p. 297 (1737), edit. 6, p. 507, Spec. edit. 1, p. 1010, edit. 2, p. 1434 
Eeich. Gen. p. 504 ; Duclv. in Lam. EncycL metli. Bot. 2, p. 148 ; Jiiss. Okm. p. 396 ; Selireb. Gen* 

2, p. 622 : Willd. Spec, 4, p. 606 ; Poir. in Diet. sc. nat. 11, p. 231 ; Ser. in DC. Prodr. 3, p. 316 ? 

Eoxb. PL Ind. 3, p. 718 ; W. et Arn. Prodr. 1, p. 350 ; Spacli. Veg. plian. 6, p. 197 ; Meisn. Gen. 

p. 127 (91) ; Eiidl. Gen. p. 928 ; Eoem, Syn. fasc. 2, p. 16, 83 ; Ser. PI. jard. et gr. cult. 2, p. 531 ; 

^ Miq. PL Ind. Bat. 1, part 1, p. 672 ; Naiid. in Ann. sc. nat. ser. 4, v, 6, p. 5 ; Eentli. et Hook. Gen. 
1, p. 828 ; Hook. f. in Oliv. PL trop. Afr. 2, p. 555 ; Cogn. in Mart. PL Bras, fasc. 78, p. 19 ; Clarke 
in Hook. f. PL Brit. Ind. 2vp. 621 — Pe/po Tourn. Inst. p. 105; Adans. Pani. 2, p. 138; Moench, 
Metli. p. 653. — Melopefo Toiirii. 1. c. p. 106 — Sphenantha Sclirad. in Liiiiiaea, 12, p. 416 ; Arn. 
'ill Hook, Joiirn. of Bot. 3, p, 275; Wight in ■Ann. andMag. of Nat, Hist, 8,j),268'; ■Meisn.'ATeri. 

' Comm', .p.' 356 ; 'Roeni. 1, c. p. lQ2—PileocakjXi Caspar in'Eend. .del Acad. sc. di Napoli,' 6,,.:'p.' 

■ . 409'' et.Jn Ann. sc. nat. ser. 3, v. 9, p. 220,; Giorn.- bot, ItaL 2, p. 242,; Walp. Ami. ,2,^p.:,647:..,--. 

Tf-kiemon, Sclieele in Linnaea, 21 , 1848 p. 586. 

Large cliniliijig lierbs, hispid or hairy ; tendrils 244icL LeoAea petioled, cordate, 
5'angularor loliecL The midrib of tlie leaf from the proximal part of the blade iuternally represents 
9 vascular Inrndles ari’anged in an ellipse. Flowers monoecious, all solitary, yellow, very large. 
J/afe ; calyx tube campanula, te, lobes 5, linear or folia, ceous ; corolla carnpairiilate, 5dobed hardly 
half way down ; Stamens 3, inse.Tted in t’lie calyx tube, anthers connate, one I-eelled, two 2-celled, 
cells (‘-onduplieate. Female: calyx and corolla as in the male ; ovan* ol>long\ si^yle short, stigmas 

3, bifid ; ovules very many, liorlzontal ; placontfxs 3, Fruit fleshy, indehlscent, often large. Seeds 
ovoid or obhmg, compressed margined or not. Distrib. species 5, of which 4 are cultivated, one 
said 1o be wild in Africa. 
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A niiml)er of small club-shaped glands are present on the lower surface of the leaves. Tliese 
glands arise from the leaf surface and not from the veins their anatomical details have been studied 
bv the author, J.Sei, (1937) 63, (4), 113 and 114]. 

Key TO THE SPECIES 

A. Leaves rigid ; calyx tube campanulate ; segments subulate, fleshy 

B. Lobes of leaf rounded, sinuses between lobes hardly any, peduncle terete . . 1. muxima 

BB. Lobes of leaf acute, sinuses between the lobes usually deep, peduncles ob tusely 

5-gonal . . . .... . . . . . ^.C.Pejpo 

AA. Leaves soft, calyx tube very short or none, segments foiiaceoiis at the tips . 3. 6^ moschala 

1, Cucurbita maacima Daehesne. in Lam. Diet. ii. 151 ; F.B.I. ii 622 ; Cogn. in DC. Mon. 
Phan, iii, 544 ; Field & Gard. Crop 55 ; Watt., Diet. Econ. Products i, 63S. Naud. in Ann. aSc. 
Nat. Sen, 4, vi, 17. 

Melon-pumpkin, squash gourd, red gourd. Vern. Beng. Kiimra ; Hind. Mitha-kaddu, kadu ; 
Bomb. Lal-bhopali lal-dudiya ; Kangra. Toohm kadu; ldi. W . Him. GWz/am ; Tai^^n 
Gummadi ; MdA. MofMnga. 

Annual ; leaves with 5 shallow lobes or subentire, 4-6 in. in diani,, hispidulous and also with 
much soft hair ; innumerable club shaped, minute glands on the lower surface of the leaf ; stems 
between the lobevS narrow, denticulate ; hairs of the petiole equal not pungent ; petiole often nearly 
as long as the blade. Male peduncle 4 in. female 1| in. ; calyx segments lanceolate linea r ; corolla 
3-4 in.; fruiting peduncle stout striated not grooved. Flowers March to June. 

Habitat 

Cultivated throughout India and distributed through cultiva,tion in all tropical and temperate 
iiones of the world. 




Medicinal and other uses 

The seeds are used medicinally ; the oil as a nervine tonic. The pulp of the fruit is often used 
as a poultice. “The fruit cut into small circular chips is a good application to relieve the Imrnling 
of hands and feet in fevers.’’ (ii^sst. Surgeon Bhagwan Dass, 2iid. Surgeon, Rawalpindi, Punjab). 
“ The pulp is used as a poultice to boils and curbuncles ” (T. Ruthnam Moodeliar, Cliingleput, Madras). 
“ Hospital Assistant Gopal Chandra Gangooli says that he has used the boiled pulp of the fruit as a 
poultice, for unhealthy ulcers with good effects ” (Asstt. Surgeon Anenda Chandra M'uldierjee, 
Noakhali). “ The part of the fruit stalk in immediate contact with the ripe gourd, is removed 
and dried, and when made into paste by rubbing in water, is considered a speciiic for bites of veno- 
mous insects of all kinds, chiefly for that of the centipede ” (Honorary Surgeon P. Kinsley, Chicaeole, 
Ganjan). “The doses recommended is an ounce and a 'half beaten up vvitli sugar. 1 liave tried 
pumpkin seeds such as are sold in Calcutta as a vermifuge on one patient, a European male adalt. 
He took 4 to 5 ounces without any effect whatever except distention of the abdomen.’’ (Medical 
Examiner June, 1878 ex D.E.P). 

This plant produces the largest known Cucurbitaceous fruit, in some case weighing as much as 
240 lb., and measuring nearly 8 ft. in circumference. The fruit is wholesome and wlien y^oiing is 
used as a vegetable. It is sweetish and yellow, when mature it will keep for many months if Imng 
up in an airy place. It is largely used by Indians of all classes in curry. 

There are several varieties of this plant common in the gardens as a rainj' season vogvtal>le. 
The commonest one is a large globular gourd and of a brown colour. The yoirng fruit resera])les 
the vegetable marrow in flavour but the full-grown fruit is very good The seeds should ()e sown 
from April to June. The plant requires a very rich soil and the genera] tr< 3 atment is the same as 
Lagenaria vulgaris. 
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Occurrence 

Assam 

Laccadives 
Bengal 
Burma 
Pen. India 


Gauhati, March 1902, Coll. A. G. Gliatfcerjee ; ‘.Slangaldai, March 1902, Coll- 
A. C. Chatterjee ; Bliubri, June 1902, Coll. A. V. Cliaiterjcc. 

Minikoy, Coll. H.M.I.M. Investigator, 1891, Dec. o ; Westeni Peitah 1876. 
Cultivated Royal Botanic Garden, Calcutta, June 1903. 

Opposite Minbu, 8 March 1903, Coil. Aiibert & Gage. 

Chepauk Garden, Madras, 12th November 1901. 


The name squash is given in America to numerous varieties of gourd which bear variously sliaped 
fruits which go by the semipopular name C. Melopepo, In reality squashes come under the species 
(7. 'maxima, several varieties of which are cultivated in America. 

In the Darjeeling and Khasi Hills Schitmi eclule SlW.. an extensive climber, is a common cul- 
tivated vegetable. This is a monoecious plant with perennial root stock and yellow flowers. The 
fruits which are pyriform with distant soft spines, grow up to 4*5 inclxes in length. It is locally 
called quash the name probably derived from English squash. At certain period of the season it 
the most plentiful vegetable of the localities. 

2. Cueurbita Pepo Linn. Sp. PL 1010, Eoxb. PL Ind. iii, 718 ; Vvb & A. Pixxli\ 351,,P. B^ ii 
612 ; Cogn. in DC. Mon. Phan, iii 545 ; DC. L’ Orig. PL cult. 202 : Field & Garcl. crops ii, 58 ; Wall. 
E.D. ; Naud. in Ann. Sc. Nat. Ser. 4, vi, 29 ; Wall. Cat. 6722. 

The pumpkin, vegetable marrow pVern. : Beng. and Hind. Kwmm, homla, himara, hadmah; 
Bomb. /feaZa ; Mar. Kohala ; 'Kaxi. /fw-mWa ; N. W.P.P. Bkiinga, pelha ; Tel, Potti gimimdi. 

It is difficult to separate the vernacular names which belong to this plant with. Berdncasa hispida. 

Annual. Leaves 5-Iobed sinus between the lobes broad, segments 5 pointed, 4-6 in., diam., 
with much soft hair, hispidulous on the leaves beneath denticulate ; petiole as long as the blade, 
the hairs on the lower surface hardened into prickles. Male peduncle 4 in. or more, female 1|- in., 
calyx segments 5 linear lanceolate. Corolla 3-4 in. narrow towards the base, lobes erect ; fruiting 
-peduncle woody, grooved, and marked with ridges. Flow^er IVIarch to June. 


Habitat 

Cultivated throughout India. Distributed through cultivation in all warm and temperate 
parts of the world. 

Roxburgh included this plant (the pumpkin) as well Benincam eerifem Sfivi (The white nielon) 
under one species. Aitkinson, Drury, Dutt, Moodeen Sheriff, and other writers have fellen into 
the same mistake. The twm plants may be readily distinguished by observing the stamens : in 
Benincasa they are inserted near the mouth of the tube, anthers are united ; in Cueurbita, the stamens 
are inserted below the mouth and the anthers are more or less united. The fruits of Benincasa are 
' cylindrical, I—-!! ft. covered with a wmxy bloom. Anatomical evidence of the number and nature 
of arrangements of vascular bundles in Cueurbita pepo and Beninmsa cerifera at once separates the 
two species. There are four vascular bundles arranged in a straight line in B, cerifera but in C. pepo 
seven bundles are arranged in the form of a ring in the midribs of the leaves (Cliakravarty loc. cit.). 

Medicinal ami 

The seeds are supposed to possess anthelmintic properties. Atkinson, says in the Himalayan 
Districts, the leaves of this plant, as also of C. maxima, are used as external application for burns. 
^ ' The seeds are anthelmintic and used in cases for round worms, though uncertain in action (Civil 
Surgeon F, H. Thomson, Monghyr). WGrublerhas isolated from pumpkin seed a crystallisable 
variety of albumen. Hemp and castor oil seeds also contain a similar crystalline substance (War- 
^ den, Calcutta). 

The fruit is eaten in carry, cut up into small pieces and lioiled vrith salt or fried in oil. The 
young to])s of tlie tender slioots are also sometimes fried in oil or boiled in water. Tliere are two 
varieties of this plant growing and used in the same way, but differing slightly, one called the hoga 
hiimra and tlie other nmga hmira. 
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Oeemreme 


'Bengal ' ' • 
U.P.' 

^ssani 
Punjab . 


Coghat, Hooghly Dist.; March 11, 1902, Coll J. D. Naskar 
Saharanpiir, 1st May 1903, ColJ. Mr. Goilan 
Lakhimi^ur, Diiubri, June 1902, Coll. A. C, Chatterjee 
Lahore ( cultivated) 


3. CiMmrbita nmsehntu DueheBiie, ex Poir. in Diet. Sc. Nat. xi (1818) 234 ; P.B.I. ii, 622 ; 
Cogn. in DC. Mon. Phan, iii, 546 ; DC. 1/ Orig. PL cult. 204 ; Fields & Gard. crops ii, 58, tt. LVIII- 
LXI ; Watt E.D. ; C\ Mehpepo Lour Roxb. FI. Ind. iii, 719 ; C\ maOTM WalL ; & A. Prodr, 

351 ; Wight Ic. 507 ; Kiirz, in Journ. As. Soc. 1877, pt. ii 104: C. Oamolenga Wall. Cat, 6718 ; 


Rheede Hort. Mol. viii. t, 2. 

The mask 'Melon ; Onshaw. Crooked-neckefl sqnasli ^Vin. N/W.IL Silapha], saphiri hanra, 
Iti/mm, Iwldu. iKilliH-kitildv : Jioniln K(di-dndhi , 

Loaves cordate angular iolu-d, dentate, rugose* liarst^ly ajui deiise]}' ]>ubescent on the underside ; 
leal surface oftiai laarbeled with, white l)I6tches ; petiole hispid l)at not prickly, liairs of the petiole 
equal, not pinigtuit. Fruiting peduncles angulaa* and furrowed. Corolla, canipanulate broad at the 
base ; segments of tbe calyx oiten dilated at the apex (spatlnilate) into an obovate-oblong toothed 
foliaceous limb : divisions of the corolla recurved. Fruit large oval splierical, glabrous, torulose. 
Colour of the fruit pulp yellow or orange. 

Flov^ers ilareli to October. 

There are two primary forms one witli the fruit smooth but mottled brown and yellow (c. mos- 
chata proper) and the other with fruit lorulose or fluted with 15 to 30 ridges {C, Melopopo Roxb.) 


Hahitat 

Very extensively cu]ti\'^aTed tliroughout India. Distributed widely througli cultivation in 
tropical and subtropical regions. 

As stated above tliere are two jbiins of the fruit one smooth and soimnvhat oblong in shape 
the other fluted and flattened sphcroida.l. It seems probable that the latter (the melopepo of Rox- 
burgh) is by many Indian writers described as G. waxinm. The long account given by Firminger 
(Man. Gar. for .India, 128) under the heading ‘‘ C. Melopepo, squash’’ has reference to imported 
seed of Squash, gourd oi‘ vegetable-marrow and not to the Indian cultivated fruit, C. moschata. 
He says, in Bengal it should be sown in October but in the North-West Province not before tlxe end 
of February, as the plants will not live in the cold season, of these provinces. Duthie and Fuller 
(in Field and Garden cropR, Part ii, Ivii to lx) give an account of G. moRcJiata, }>ut do not mention 
any fact regai'ding method of cultivation, season etc. They state that only the Caeurbda appears 
to occur in the NorthAVest Proyinces, Their plates seem to represent the form Roxbiirgli called 
AI. Melopepo and not his C. ntoscJiaia proper. 

The yellow flesli of this fruit is extensively cooked and eaten as a vegetable throughout India. 


. Lakhimpur, Sadiya Bazar, 22nd August 1909, ColL B. K. Das ; Rotimg J,0f)0 ft, 
28-12-1911, Coll. I. H. Biirkill 
. eultivated, S. Kurz , 

. Isatchall, February 1875, ColL S. Kurz 

. Tonkj^egliat, .F. pagodas, cult; Pegu, Oct. 1904, ColL S, Kurz 
. South Point, S. Andaman, ColL S. Kurz 

. Goghat, 11th March 1902, ColL J . D. Kaskar ; Noagaon neaivPvamrBa^^^ 
600-900 ft., Hill Tipperah, June 1916 Coll. P. M. Debbaiinan 
. Indore 20-10-18, ColL P. Mukherjee 

14. Thlabianttia 

TMadiantha, Bunge Eninn. in pi. Chin. Bor. p. 29 et in Mem. Sav. Etr. St-Pelersb. 2, 1835. 
p. 103 ; Meisn. Gen. p. 126 (91) ; EndL Gen. p. 940 ; ‘Walp. Rep, v. 2, p, 205, v. 5, p. 763 Roern, 
Syn., fase. 2, p, 19 ; NaucL ijt Ann. sc, nat. ser. 4, v. 12, p. 150 et set, 5, v. 6, p. 11 ; Eenth. et Hook' 
Gen. 1, p. 825 ; Clarke in Hook. f. PL Brit. Ind. 2, p. 630. 

Climbing herbs ; teiidrils simple rarely 2-fid. Leaves peiJoled, entire or tripartite, deeply cordate, 
denticulate, softly pubescent or nearly glabrous. Flowers dioecious, yellow, large or small. XLale 


Occumnee 

Assam 

Bengal 
Nicobar Isis 
Burma 
Andaman 
Bengal 

Central India 
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peduncles in the fully developed plant paired, one l-flowered ebraeteate caducous, the other racerned ; 
flowers with or without .bracts; female peduncle elongate, Uflowered, ebraeteate. Male : calyx 
tube shortly campaiiulate, the bottom stout by a horizontal scale ; segments 5, lanceolate ; corolla 
campanulate, 5-partite, segments revolute about half way down ; filaments 5, inserted near the 
mouth of the calyx tube ; anther 1- celled, narrow oblong, straight. calyx and corolla 

as in the male ; ovary oblong, style deeply 3-fid with 3-reniform stigmas ; ovules many horizontal ; 
placentas 3 vertical. Fruit ellipsoid, obtuse, indehisceiit, green cylindric with vertical ribs. Seeds 
many, horizontal small obovoid, compressed, smooth. Distrib. — -Species 2, Be^igal, Malaj^a, China. 

The generic character is here widened to include the Ivhasia species. ^As in most cucurbits with 
paired male peduncles, either the simple or the racerned one is often wanting and the two do not 
flower together ; the simple peduncle generally foils off by the time the racerned one is in blossom. 
The corolla is slightly oblique ; in T.. cdlmmia besides the normal large male flowers iniich smaller 
impeifect- ones are often fouiH^^ 

Xey to the species 

A. Male recemeim with prominent bract . , . . . . . l.T.cakarata 

AA. Maleu'acemes without bracts . , . . . . . . 2. T. Hookeri. ' 

1. Thladiantlm culearata C.B. Clarke in Joiiru. Linn. Soc. xv (1876) 126 ; T, ilubia Bunge 
I5num. PL Chin. Bor, 29 ; Naud. in Ann. Sc. nat. Ser. 4, xii, 105, t. 10 ; Bot. Mag. t. 5409 ; Kiirz. in 
Joiirii. As. Soc, 1877, pt. ii. 102; Momordica caharata Wall. Cat. 6740 ; Gymi}%o2)dMumMdorsfieMii 
and jMperifolmm -Miq. FI. Ind. Bat. i. pt. i. 680. 

A large climber. Leaves deeply cordate ovate, acute, undivided 4 by 2| in., denticulate not 
at all angular, usually villous beneadh sometimes nearly glabrous ; petiole 1| in. Tendrils simple 
in all the wild examples, but Naudin reports of bifid tendrils in cultivated species. Male racemes 
2“3 in., golden yellowy petals f in. bracts prominent serrate or incise-serrate ; calyx-teeth very narrow ; 
filaments minutely hairy. Female peduncle 2-3 in. more or less hairy ; young ovary densely wooly. 
Fruit 1 1 by f in., glabrous, obtuse at both ends. Seeds scarsely | in. Flowers March to June. 


Eabilat 

Plains of East Bengal eomrnon, ascending to 8,000 ft., in the hills. The female plant is rare 

and has never been collected in plains. Pegu, Kurz : Distrib. Malaya and China. 

, Occarrenae n 

Wall. Cat. . , , . Sylliet, 6740 A ; Boy al Botanic ChuxleiiCy., 0740 B : Goa I para, 14 th May 1808 

B740'C. 

Bengal . . . . . E. Bengal, Pubna and neigliboiirhood, April 1867, Coil. 8. Kurz ; Chittagong 

hill tracts, River bank Waga Sera hill 35 miles from Chittagong, September 
1885, Coll. Badul Khan Dr. King’s collector ; Chittagong hill tract, Coll. 
J. Wood. 

Bihar * . « . . Dalsing Sarai Darblianga, Aug. 1900, Dr. Pram’s collector ; Silsakn, north 

side of Brahmaputra. 

Assam » » » «. • Gauhati, April 1902, Coll. A. C. Chat ter jee j Managaidai jungle March 1902 

Coll. A, C. Chatter jee, Ligri Piikri Sibsagar, March 1895, Coll. Reporter of 
Economic Products to the Govt, of India ; Khasi Hills 4-5000 ft., June 
- 1867, Coll. S. Kurz ; lower Khasi hills April 1876, Coll, 8. Kurz ; Mount 
Khasia 0-4,000 ft., Coll. T. D.H.&T.T. ; 3il. Bengal ; Poishing 4,000 ft., 
Manipur, April 25th 1882 ; Talap-Lakhimpur 24-3-1S94, ColL G. A, Gammie 
Kohima 3,600 ft., Naga Hills May 1886, Coll. Dr. I). Prain ; Konoma 5,(JCO ft., 
April 1896, Coll. Dr. King’s colieetor. 

Burmaj ® Modar plains, Teiiasserim, 25-4-77, Coil. Geo. Gallatly ; Kong Tung 2,00'0 ft.. 

May 1909, S. Shan States, Coll. Mac Gregor Mugok 5,000 ft.. Ruby Mines 
Division, Mry 1910, Coll. A. Rodger ; Bhanio, July 1892, Coll, Abdul Hiik ; 
between Ridge camp and Lungsia 2-3,000 ft., April 20, 1899, Coll. A. T. 
Gage; Shan States 1890, Coll. Abdnl Huk ; Pegu Yoinali and W. St opes 
1-3-71, Coll. S* Kurz, 

Sikkim » « ® © « Toong 5,000 ft., 6-7-09, Coil.; Smith t% Cave ; Ryaiig valley 2,500 ft., 8th May 

1874, Coil. G. King, Darjeeling 3,000 ft. Oct. 1881, Coll. J. S. Gamble ; 
Sikkim, ColL G. King; Sikkim 4-7,000 ft., ColL J. D. II; Riingno valley 
ColL S. Kurz I Rishap, 13th Februarv 1867, ColL Anderson; Fopore. 
2,400-4,000 ft., 8-7-1862, T. Anderson. ‘ 
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2. ThiiidMmtkm ilools*eTi Clarke in Hook, F, FL Brit. Lid. ii. 631. . 

A large climber ; tendrils simple. Leaves polymorphous deeply cordate ovate , acute, entire 
resembling altogether those ot 1\ calcarata but generally less hairy and thinner, or tripartite with 
lanceolate segments, 4 by Tf in., the two lateral lobes very cordate and auricles on the outer base ; 
petiole 2 in. The female flower in Griffith's example resembles that of T. calcarata hut is smaller 
though the petals are slightly more than in. ; peduncle about 1 in.* Male racemes 1| in., slender ; 
flowers pedicelled scattered, yellow petals scarcely | in. ; these small flowers probably correspond 
to the small imperfect males of which are as yet unknown. Fruit (and seeds) altogether 

like those of T. calcarata but rather smaller, in. The ebracteate male racemes of this with pedicles 
I in. is exceedingly unlike that of T, calcarata, but in all others points they appear congeneric, and. 
the habit is the same. 

' Flowers May to December. ■ 

Habitat 

Assam, Griffith (Kew Distrib. No. 767, 2553) ; Khasia alt. 4-6,000 ft. ; Myrung & Nanklow 
H,f.&T. 

Occurrence 

Assam . . . . . Haliong 2,500 ft., N. Caciiar, 26th Aug., Coll. W. G. Craib ; Jowai, December 

1893, Coll. Dr. King’s collector ; Cachar and Manipur frontiers 4,000 ft. 
May 1882, Coll. O. t^^att ; Mapoong 3,000 ft. 27th May 1882, Manipur Coll, 
G. Watt ; Kala Naga Hills, May 1882, Manipur, Coll. G. Watt ^Neechoogard 
1,000 ft., Naga Hills 18th Oct. 1885, Coil. C. B. Clarke ; Khasia 4-6,000 ft., 
Coll. J.D.H.&T.T. ; Road to Kohima 4,500 12th May 1895, Coil. Reporter 
on Economic Products to the Government of India; Liishai 30th 

July 1924, Coll. Mrs. Parry 

Burma . . . . . Kachiii Hills, Upper Burma, 1897, Coll. Shaik Mokim 

15 . Epgaria 

Edgaria, C.B. Clarke in Juimi. Linn. Soc. 15, 1876, p. 113 et in Hook. f. Fi. Brit. Ind, ii, 631. 

A large scandent herb ; tendrils 2-fid, Leaves petioled, entire, ovate, acute deeply cordate, 
more or less pubescent. Flowers large dioecious, yellow. Male peduncles paired, one 1-flowered 
caducous, the other racenied ; bracts 0, or inco aspicuoiis ; female peduncle elongate, 1-flowered. 
Male : calyx tube, elongate, funnel shaped, teeth 5, subulate ; corolla deeply 5-partite, with obovatc 
acute segments : stamens 3, included in the calyx tube, two 2-ceIIed ; cells straight, linear oblong, 
connective not appendaged. Female : calyx and corolla as in the male : ovary narrow -obo void, 
3-celIed ; style long, stigma 3, oblong, 2-fid ; ovules 1-3 in each cell, pendulous, compressed, sub- 
quadrate, large, corrugate or somewhat 3-lobed at the lower end and faces when dry. 

Edgarki darjeeimgensis O.B. Clarke in Journ. Linn. Sog, xv (1876) 133 ; Ggmnopetaluui 
sp. 5, Hook. Ind. Ori., H.f.&T. 

Leaves 4 by 3| in., serrate and denticulate ; petiole 3, Male raceme 6 in., female 3-4 in. Calvx 
tube I in. Petals f in., widely patent. Fruit 3 by IJ in. Somewhat pilose, with 2 wav}’- vertical ribs 
on each face. 

Flowers May to, October. 

Habitat 

Garwhal, Falconer ; Sikkim 6,000 ft., very common, J.D.H. & O.B, Clarke, 
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Occurrence 

N.W. Himalaya / . . Sept, 1882. Simla 17600, Sept. 9877,CoiL Gamble, 

Ejastern Himalaya . , , Mission Compound, 4,000 ft., Kalimpong Dist., ColL A* J.C. Kingdom ; Pbadon, 

chee 8,000 ft., 20-8-1910, ColL W. W. Smith ; Senchal 8,500 ft., 28-8-10. 
Coil. W. W. Smith; Kiingno valley, 6,000 ft., May 1862, Coll. J. Anderson- 
North side of Senchal, 7,200 ft., August 1862, ColL T. Anderson ; Coil. G, 
King; 6,000 ft., 1881, Coll. G. King; 12-10-68, Coll. 8. Kurz ; Ghoom 3rd 
Mile, 13-8-13; Sikkim 5-7,000 ft., Coll. J.D.H. ; Mungpoo 4,000 ft., 1st 
Oct. 1884, Coll. C, B. Clarke; Gassing to Ratong River 3-10-1862, Coll. 
T. Anderson; Senchal 8,000 ft., Darjeeling, September 1880, Coil. G. S. 
Gamble ; Rungbee, Darjeeling, 1 3th Aug. 1869, ColL C. B. Clarke ; Darjeeling 
6,500 ft., 16th Oot. 1776, ColL C, B. Clarke ; Goompahar 8,000 ft,, Darjeeling 
12th Sept. 1875 ; Darjeeling 7,000 ft., 9-9-75, ColL 0. S. Gamble ; Kurseong 
and about, Sept. 1943, Coil, H. L. Chakra varti. 

16. BRYoisropsis 

Bryonopsisy Am, in Hook. Journ. of Bot, 3, p. 274 ; Wight in Ann. and Mag. of Nat. Hist. 8, 
p. 267 ; Meisn. Gen, comm. p. 356 ; Endl. Gen. suppl. 2, p. 76 ; Roem Syn. fasc. 2, p. 10, 32 ; Miq* 
FI. Ind. Bat, 1, part 1, p. 656 ; Naud. in Ann. sc. nat. ser. 4, v. 18, p. 193 ; Hook, f . in Oliv. FI. trop. 
Afr. 2, p. 566. — Bryoniae sect. Diplocyclos Endl. Prodr. fl. Norf. p. 68.— B. sect. Bryonopsis Hook, 
f. in Bentli. et Hook, Gen. 1, p. 829 (non BL). 

Annual scabernlous scandent herbs. Tendrils 2-M. Leaves deeply palmately 5-lobed. Flowers 
monoecious, the male and the female fascicled, often in the same axils. Male flowers : calyx tube 
broadly campanulate ; lobes 5, subulate. Corolla campanulate, 5~partite ; segments ovate. Stamens 
3, free, inserted on the calyx tube, filaments short * anthers cohering, one 1-oeIled, the others 2- 
celled ; cells flexuose round the broad connective, which is not produced at the apex. Pollen muri- 
dilate. Rudimentary ovary o. Female floivers : calyx and corolla as in the male. Staminodes 
3, small. Ovary globose or ovoid, 3-pIacentiferou8 ; ovules numerous, horizontal; style slender; 
stigmas 3, papillose, deeply 2-boled. Fruit baccate, spherical or ovoid conical, pulpy, many seeded. 
Seeds siibpjriform, very turgid, surrounded by a very thick grooved crenulate ring, on each side of 
which the tumid faces of the seed project. 

Distrib. S. Asia, Indian and Pacific Islands, Australia; species 2 of which B, lacmiosa Naud« 
is confined to India. 

Bryonopsis laciniosa Naud, l.c. Ser. VI (1886) 30. Hook. f. in Oliv. Fl. Trop. Afr. v.2, p. 
556 ; Cogniaux in DO. Monogr. phan v.3, p. 477, Bryonia laciniosa Linn., Sp. PL (1753) p. 1013 ; 
C.B. Clarke in Hook. f. FL B.L ii, p. 622 ; Garh. Cat. p. 78 ; Dalz. & Gibs. p. 101 ; Trim. FL ceyl. 
y t. 2, p. 254; Woodr. in Journ. Bomb. Nat. v. ii (1898) p. 640 ; Watt. Diet. Bcon. Prod. i. p. 
542; Roxb. Hort. Beng. 104; FL Ind. iii, 728 ; Blume Bijd. 927; Wall. Cat. 6699 ; W.&A. Prodr, 
345; Miq. FL Ind. Bat. pt. i, 660; Bryonopsis cmvrtallends Arn. in Hook. Joum. Bot, hi. 274; B. 
erythrocarpa Naud. in Ann. Sc. Nat. Ser. 4, xviii. 194. 

The Rryony ; Vein. : Hind. Gargu-nwru ; Beng, Mala ; Bomb, Kmmk-chedole ; MaL Nohoe- 

Stem much branched, slender, grooved, glabrous or scabrous. Tendrils slender, striate, gla- 
brous, 2-fid. Leaves membranous 4-6 in., generally deeply palmately 5-lobed, sinus sometimes 
shallow, long and about as broad, green and scabrid above, paler and smooth or nearly so beneath, 
deeply cordate at the base, margins sinuate, distantly denticulate, sometimes subserrate ; petioles 
1-3 in. long, striate, slender. MaJc/oiejers in small fascicles of 3-6 ; jjcduncles 4-f in. long, filiform, 
glabrous. Calyx glabrous in. long ; teeth subulate, less than .jV in. long. Corolla in. long; 
segments ovate -oblong, acute, pubescent. or few, or many; peduncles 

shorter than in the males. Fruit often 2-3 together, subsessile -|-1 in. in diam., globose, smooth 
bluish-green streaked with broad vertical lines. Seeds with a thickened corrugate margin, often 
with protuberences on the faces, in. long, yellow-brown. 

Flowers August to November. 
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Habimi ■ 

From Hima.laja to Ceylon, Pegu, Kurz.. Distributed, to tropical Africaj Mauritius, Malaya, 
Australia. ' ' 


Medicinal cmd other uses , 

The whole plant is collected when in fruit for medicinal use. It is bitter and aperient, and 
is considered to have tonic properties ” (Dymock*). It is also used as a medicine by the Saiitals. 
The leaves are boiled and eaten as greens. 

Occurrence 


Calcutta Botanic Garden 
Peninsula 

^Assaan ■■ . . ■ 

Wall, slieets . . 

Central India, 

■Bihar . ■ . 

,HiraaIajan A". W, ' 


Burma 


Peninsular India 


.Bengal 

Bihar 

Upper Gangetic Plain 

Malay Peninsula 


. Wild,2M0-58 

. Mt. Malabar 4,700 ft., Java, Oct. 19, 1861, Coll. T, Anderson M. D. ; Java; 
Tjilaki Preanjce 4,700 ft., 4-3-1880, Coll. H.O.Forbes 
lA Bengal Herb. Griffith ; E. Svlhet 

. 6769 0 ; Goalpara, Assam 8th August 1808, 6699 ; 6699 F ; 6699 A ; H.B.C. 

6699 H, 

Gima, Isagarh Dist., September 1807, Coll 0. King M.B. and Coll Br. Barkley 
3876 ; Abu SirohlRajputana • Sagor, Vicary 
Hazaribagh ],50G ft., Chota Nagpur, Nov. 1886, Coll. G. Clrmble 
Lanibataoh 7-8,000 ft., Tehri GarhwalU. P. 2-6-94, Coll J. F. Duthie ; AForthern 
India; Mussooree Range 1869, Coll, G. King ; near Mtissooree Behra Bun 
Dist., U.P. 1869 Coll, G. King 

Keng Tung 4,000 ft., S. Shan States, December 1909, Coll. Capt. R. W. Mac 
Gtregor, 5l. S. ; Taunggyi, Yawiiglrve State Upi:)er Burma 1894, Coll Abdul 
Khalil, Mooyet 5,000 ft., Tenaseerim 27-1-1887, Coll. Geo. Gallatly 
Poona, August 1892 ; Alagai Hills, 1,100 ft., Madura District, Madras 8. Indias 
9-11-1911, Coil. 0. E.O. Fischer ; Machux Road 5,500 ft., Madras, 1-8-12, 
Coll. Rev. St. Munch S. J. ; Koni, Travancore 24-8-1913, Coll. C. C. Galder 
& M. S. Ramaswanii ; Koni, Travancore 6th September 1903, Coll. M, Rama 
B-ao ; Quilon, Travancore 21*9-13, Coll. Rama Rad’s collector, Shevaroy 
Hills, Salem Dist., Madras, collection Perrottet ; Gaidmalani 3,200 ft., 
CoimbaJore Dist., 20-8-05, Coll. C. E. C. Fischer; Mont. Niigiri and Coorg 
region Goll G. J. ; Gudaliir Ghat, Niigiri, 9th January 1903, Coll C. A. 
Barber; C’uihatty 5,000 ft., Nilgiris 26th Blarch 1870, GolL C. B. Clarke; 
Aiagar Hills 1,100 ft., Madura District, 9-1M911 Coll. C. E, C. Fisehor ; 
Perumai Road 5,500 ft., Madras, 4-2-1913, Coll. Rev. Aug. Sauiieres ; 
Niigiri, August 1852, Herb. Wight ; Nateiikal 4,000 ft., Tinnevelly District 
ISfch February, 1913, Coll D. Hooper & M. S. Ramasvami 
Agaitala 800-1,000 ft.. Hill Tipperali 30-9-14, ColL P. M. Debbarmau ; Agartala 
600-800 ft.. Hill Tipperali Sept, 1915, Coll. P. M. Debbarrnan ; Hoshenporc, 
Mymensing Nov. 1868, Coll C. B. Clarke ; Sibpur, April 1865, Coll S. Kurz ; 
Bengal. Rejioo. trop. Coll J. D. H. & T. T. ; Beliaghata near Calcutta, April 
1943, Coll. H. L. Chakravarti 

Ranchi 2,000 ft., Chota Nagpur, 13th Oct. 1873, Coll. C. B. Clarke ; Thakurgaiij, 
Pimiea District, 27th January 1011, Coll. J. H. Barkill ; Ganja Mahal 
February 1893, Coll D. Prain ; Raikote 2,000 ft., Lohardaga, Chota Nagpur, 
30t:h Oct. 1882, ColL C. B. Clarke 

Banda, U.P., Hedges uplands, 16-12-1900 ColL Mrs. A, S. Bell, Venn — Faclv 
gnrrJa-. seshrgi 

Cliamba Punjab, August 1880, ColL Comm, Robert Ellic, Afghajiltcjn. Bad'diie, 
April 29th, 1885, ColL J. B, T. Aitehison 
W. Java, OoH. S. Kurz 


17. Melothria 

Mehthfia Liun. Horfc. Cliff, p. 490 (1737), Gen. ed. 2, p. 20, ed. 6, p. 24, Spec. ed. 1, p. 36, ed. 2, 
p. 49 ; Juss. Gen. p. 396 ; Schreb. Gen. 1, p. 32 ; Lour. FI. Cochineb. 1, p. 35 ; Willd. Spec. 1, p. 189 ; 
Mutt. Gen. 2, p. 228 ; Ser. in DC, Prodr. 3, p. 313 ; Spach. Veg. pban. 6, p. 225 ; Meisn. Gen. p. 127 
(91) ; Endl, Gen. p. 936 ; Torr. et Gr. FI. N. Amer, 1, p. 540 ; Roem, Syn. faso. 2. p. 9, 27 ; Benth. 

'^Bymock, W. (1885). Mahna* McMca IFesf. hid. 346. 
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in Hook, .Niger Fl p, 367 ; Nand, m Ann, sc, nat. ser, 4 v, 12, p, 148 ; v, iO. p. 168, t, 18 p. 195 ; 
Bentli,.]?!. Austral 3, p/320; Bentk, et Hook Gen, 1, p, 880; Hook £' in Oliv/FL trap. Afr, 2, 
p, 562 ; Cogn, in Mart, FL Eras, fesc. 78, p. 25 ; Clarke in Hook, I FI Brit, Ind, 2, p, m. Solena, 
Lour. FL Cocli, 514 (1790), ed. Willd, p. 629; Ser. in DC. Pridr. 3. p/306 : Poem. Le,pJL 33 ; 

Prodr. fl. Nor. p. 69 (1833). 

Slender^candent or prostrate lipl3s, annual or vvltk a perennial root, monoecious or very rarely 
diOccioa^^^ lendrils' simple or rarely 2~fid. Lea%"'es usually rrienibrajuoa;"-!, entire or more or less 
lobed^,,^ kiovrers small, yellow or white. BlaieJloums mQexacmo oi corymbose,' less eommoiilT fasicled 
or ^solitary. Calyx campanulate, o-tootbed. Corolla deeply 5-partite : so, s:riients entireo Stamens 
3, inserted on the tube (rarely at the base ) of the calyx ; filaments Lee , anthers free or rarely slightly 
cohering, one Fee lied, the cells straight rarely euryed, the connective sometimes produeecL Rudi- 
m^tary ovary,. globose or annulaiy rarely Sdobed, Femak flowers solitary, fe&eicled or corymbose. 
Calyx and corplla a.p, In the male. Staminodes 3 or (r Ovary oyoicf globose or fiisiform/o-pkcenti- 
ferous, coustrietad beneath the flower ; o miles iisualiy niirnerous liorijsontal ; style short, surrounded 
at the base by an a.nnuiar disk ; stigma 3 linear, rorely 2 or stigma 3-lobed. Fruit smaH, baccate, 
globose, ovoid or lusiform, iisiially many seeded. Seeds ovoid or ellipsoid, eompresBed, iisHally 
margined. Siiiootli or rarely scorbiculate. Distrlb. Warmer regions of the globe ; species 54 
of which 11 occurring in India. 


Key TO THE SPECIES 

A. Flowers monoecious 

B. Male flowers fasoieled 

Ct Seeds smooth on tfieir faces Flea ves hiapid btumih with 

hair; cordate at the base . . . . . A , i. M. kiospema 

OC, Seeds scorbioiilate ; lea ves very scabrous r.rugh, hispid beneath, 

.^cordate ah the base; . \ . . F 2. 31. maderaspatam 

COO. Seeds scorbiculate ; leaves more or less amplexiuauJe , . 31, arrr/jkxicauUs 

BB. Male flowers siibrcmbellate at the apex of the oeflunele 

C. Fruit globose . . . . F . . . . 4, M. perpusilla 

CG. Fruit ellipsoid . . . . . ... . Af, rmicroTUita 

BBB. Flowers frequently monoecious on the same axis sonietiines ap- 
parently dioecious. Male flowers with long pedicles, elustered 
in the axils or eluatered on long raceme^; resembling hranelies 
with outieaves . . . . 

0. Fruit globose, subquadrate, obtuse 

D. Male pedicles elustered in the axils . ... 6. if. indka 

DB. Male pedicles in distant clusters on long racemes . 7. Jf . odorata 

G.C Fruit fusiform, subtrigonus 

B. Male pedicles clustered in the axils . . . . M. zeylanka 

BB. Male peduncle racemed . . . . . , ^.M. WaMcdm 

BBB. Male inflorescence elongate . . . . . 10- If. 

AA. Flowers dioecious . . . . / . . . . l l . 31 . Mtes'oplylla 

IrMelothria leiosperma (W.&A.) Cogniaux, in DC. Monogr. Phan. v. 3 (1881) p. 622 ; 
Jackson, in Index Kew. v. 3, p. 203 ; Muhia leiosperma in Atm. Mag/ Nat. Hist. v. 8 (1842) 

p. 268 ; G. B. Clarke, in Hook. f. FL B ,1. v.2, p. 623 ; Trin. FL OeyL v. 2, p. 255 ; Bryonia lei'osd^&rnia 
W, & A- Prodr. 346; B. mysorensis Miq. in Herb. Hohenaoh. 

Monoecious ; stems hispid, furrowed slightly branched ; young parts densely and softly villous 
hairy. ^ Tendrils simple. Leaves 2-3| by l|-3 in., bright green above, paler beneath, broadly ovate 
in outline, acute, cordate at the base, scabrid and coarsely hairy above, softly villous beneath, usually 
5-angled or slightly 3-5-Iobed, strongly dentate ; petioles -|-2 in. long, densely hairy. Flowers axil- 
lary, Male flowers fascicled ; peduncles very short. Calyx densely hairy ; tube |- iu. long, cam- 
panulate ; teeth linear subulate, in. long. Corolla pubescent outside; segments ovate oblong 
I in. long. Anthers siibsessile, oblongv the connectiye short, apiculate. Female flowers : peduncles 
usually solitary |-2 in. long, thickened in fruit, densely clothed witli long hairs. Ovary densely 
hairy. Fruit | in. in diarm, globose, glabrous or slighRy hairy. Seeds ellipisoid | by by in., 
turgid, eonspieiiously margined, smooth on the faces. 

Flowers May to December. /, 


6. 31. indka 

7. 3£. odorata 

8. If. ztylmika 
0. Jf. WalUchii 
10- 3f. bicirrhosa 
11. if. Mterophylla 
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Habitat 


Deccan Peninsula ; Pulney Mts., Wight; Nilgiris G. Thomson, Hohenacker. Ceylon; alt* 
4.000-6,000 ft., Thwaites, 

Occurrence 

Peninsular India & Geylon . Poombari, Pulneys 5th June 1898, Coll. A. G. Bourne ; Pariakanal, 5,000 ft,, 

Travancore December 1010 Coll. A. Meebold ; Kavunji 6,300 ft., Upper 

Plains, 21-9-1911, Coll. C. E. C. Fischer ; Shembaganur 6,000 ft., 8-7-12, 

Coll. Rev, St. Munch S.J. ; Perumal Road 5,500 ft.,, 4-12-1913, Coll. Rev. 
Ang. Sauiieres ; Coonoor 5,000 ft., May 1885, Coll. J. S. Gamble. 

2. Melothria maderaspatana (L.) Cogniaux. in DC. Honor. Phan. v. 3, (1881) p. 623 ; Jack- 
son in Index Kew, v. 3, p. 203 ; Mukia scabreUa, Am. in Hook. Journ. Botany, v. 3 (1841) p. 276 ; 
C.B. Clarke in Hook. f. FL B.I, v. 2, p. 623 ; Dalz. and Gibs. Bomb. FI. p. 100 ; Ait. Pb. & Sind. 
PL p. 64 ; Trim. FI. Ceyl. v,2, p. 254 ; Woodr. in Journ. Bomb. Bat. v. 11 (1898) p. 640 ; Watt. 
Diet. Econ. Prod, v. 5, j). 287, Bryonia maderaspatana and aUhaeoides, DC. 1. c. 806 ; Karmn^^ 
jamnim Miq. 1. c. 661 ; Triekosanthes dioica Wall. Cat. 6692 C. 

Annual, monoecious ; stems scandent or prostrate slender, much branched, angular, very hispid? 
young part densely covered with white hair. Tendrils simple striate, sparingly hirsute. Leaves 
variable in size, 1-6 by 1-4 in., deltoid-ovate, entire, 5-angled, or 3-5 lobed, very scabrid above, 
scabrid or shortly hispid beneath, acute at the apex, cordate at the base with a wide sinus, the lobes 

often overlapping, the margins dentate or subserrate ; petioled |--1 in. long, hairy. Malejlowers in 

small fascicled on very short peduncles. Calyx hairy; tube ^ in. long, narrowly campanulate ; 
teeth about in. long, subulate. Corolla pubescent; segments ovate-oblong, rounded at the 
apex, in. long. F emale Jfowers almost sessile. Fruit the size of pea, smooth or slightly echinulate, 
at first green and variegated with yellow, finally woody red. Seed ellipsoid, compressed, not or 
scarcely margined, scorbiculate on both faces. 

Flowers August to October. 
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Habitat 

Throughout India common ; ascending the hills as far as the subtropical region. Distributed : 
Africa, Malaya and Australia. 


Occurrence 

Java . . . 

Wall Oat. . . 

Peninsular India & Ceylon 


Burma 


Batavia Oct. 1879, Coll. G. King ; Java. 1859, Coll. T. Horsiield M.B. 

6708 C or G ; Goalpara 25th Sept. 1868, 6708 E ; Sukanagar 6th August 1880, - j 

6708 E ; Prome hills 15th Sept. 6708 F ; H.B.C. 6708 H ; 6708 L ; Rangoon f 
1826 ; 6703; Pegu 11-1-75, Coil. S. Kiirz ; Rangoon, Coll. R. Scott; Pegu 
Yomah Coll. S, Kurz I 

Naduvettumuri 26-8-1913, Travancore State, Coll. C. C. Calder & M. S. Rama- 
swami ; Shevaroy hills, S. India collection Perrottet ; Nilgiri hills, Coll. 

Mr. Schmidt. ; Sigur ghat 5,000 ft., Nilgiri Dist., June 1884, Coll. G.S. 

Gamble ; Carwar, N, Canara, August 1883, Coll. W. A. Talbot ; Malabar 
Concon Coll. Stocks ; Sind. Coll. Stocks ; Rajkot ; Belgaum, September 
Coll. Ritchie ; Ceylon very abundant upto an elevation of 3,000 ft. ; Kavalay 
Cochin 2,000 ft., Nov. 1910, Coll. A. Meebold ; Gudaiur 5,000 ft., Nilgiris, 

Oct. 1910, Coll. A. Meebold ; Cherretggyam 1,500 ft.. Cochin Nov., 1910, i 
Coll. A. Meebold ; Guijagudem, Godavari District, 13th August 1914, Coll. 

M. S. Ramaswami M.A. ^ i V 

Mree Hill, Maymyo 3,600 ft., Sept. 12th, 1 915, Coll. A. Rodger I.F.S. ; Maym yo ' | 

plateau alt. 3,500 ft., 6th October 1908, Coll. J. H. Lace ; Keng Tung 400 I 
S. Shan, December 1909, Coll, Capt. R. W. McGregor I.M.S. ; Minbu, Sept. ] 

1902, Coll, Shaik Mokim ; Upper Burma 23rd June 1890, Coll. Abdul Euk ; I 

Tyankse, Upper Burma, 10th March, Coll. Dr. King’s collector; Tagunyi, ?; 
Southern Shan States, Upper Burma, 1893, Coll. Abdul Khalil " 
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Bengal ^ 

E. Himalaya 
Assam , 

N. W. Himalaya 
Bihar 

Central India 
Oangetic Plain . 


Hazarikhil, Chittagong, 11-10-05, ColL D. Hooper ; Siligiiri ; Sibpur Sept* 1864, 
ColL S. Kurz ; Anand, Kaira Dist* 2nd Not. 1902, Coll. Reporter Eeon. 
Product. Govt, of India; Agartala 600-800 ft., August 1915, ColL P, M. 
Hebbarman 

Sikkim Himalaya, 2,000 ft., 3-7-1876, ColL G. King 

Goalpara, Chairang Buars plains, December 1890, ColL Dr. King’s collector ; 
Mont. Khasia 0-4,000 ft., ColL J. D. H. & T.T. ; Shillong, November 1890, 
ColL Robertson 

Dwarahat 4,500 Almora Dist., 7th Oct. 1912, ColL D. Hooper ; Kobo, Abor 
Expedition 15-12-1911, Coll, I. H. Burkill ; Baligan near Naga Hills, 
October 1898, ColL Dr. King’s collector 

Chota Nagpur, ColL Dr. J. J. Wood ; Pareshnath Nov. 1891, Coil. D. Praia ; 
Hundrugagh, Chota Nagpur, Sept. 1896, ColL D. Prain ; Muzaffarpur, 
February 27, 1896, ColL D. Praia 
Khandwa 3 '12-88, ColL J. F. Duthie 

Tropical region 1,000 ft., Coll. T.T. ; Trunk Road 9*58, ColL T.T. ; near Etawah 
near Bimdelkhand 24-1 1-86, ColL J. J. Buthie ; Banda N.W.P., vern. Bankakri 
August 1902, ColL Mrs. A. S. Bell ; N. W. India, Hb. Boyle. 


3. MeloPimi amplexiemdis Cogn. Monogr. Pliazi. DC. Candolle, ip. 621 ; Bryonia 

amplexicaulis Encycl. meth. Bot. i, p. 496 ; Ser. in DC. Prodr. 3, p. 306 ; W. & Arn.. Prodr. 1, 
p. 346 ; Wight Ic. pi. Ind, or 2, tab. 502; B, tmbeUata Wall ! List, n, 6705, K-lj; Kamria am- 
plexicanlis Arn ! in Hook. Jonrn. of Bot. 3, p. 275 ; Roem. p. Syn* Fasc. 2, p. 46 ; Miq. FI. Ind. Bat. 
1, part 1, p. b61. 

Monoecious ; stenis glabrous ; tendrils simple ; leaves on very short petioles, or almost sessile, 
deeply cordate or segittate at the basal lobes much longer than the petiole, ovate or oblong, entire 
or angled, mucronate, sinuate and toothed, dotted and slightly scabrous on the upper side, glabrous 
or smooth on the under somewhat coriaceous. Male jlowers in an umbell at the apex of a slender 
peduncle rather shorter than the leaves ; pedicles short, without bracteoles ; calyx campaniilate ; 
females solitary, very short peduncled, in the same or different axils from the males ; berry (smaller 
than a hazel-nut) broadly ovate, prostrate, few (about 4) — seeded; seeds oval, thick compressed, 
surrounded with a thick easky closely wasted and rugose zone, the sides flattish, sprinkled with little 
tubercles. 


Habitat 

Eastern India (Wight n. 1121 in herb. Briix., BeroL; DC., Deless, Francav,, Miis, par. Kew., 
Edin., n. 1128 in herb. hort. Petrop,, Kew n. 1130 in herb. Kew. ; Bottler in herb. hort. Petrop ; 
Jacquemont n. 701 in herb, mus par.) ; in Mysore and Carnatic (Thomson in herb, Berol. Mus. pai\ 
Vindob.) ; in Deccan & Ellora (Ralph, n. 301 in herb. Delss.) ; at Madras (Thomson in herb. Kew.)* 

4. Melothria perpusilla Cogniaux in DC. Monogr. Phan* v. 3 (1881), p. 607 ; Jackson in 
Index Kew., v. 3, p. 203 ; Bryonia perpusilla Blume. Bijdr. p. 926 ; Zehneria Hooheriana^ Ann. in 
Hook. Journ* Bot, v. 3 (1841) p. 275 ; C.B. Clarke in Hook. f. FI. B. I, V, 2, p. 624 ; Trim. FI. CeyL 
V. 2, p. 256 ; Bryonia rnysorensis Wight. Icon. t. 758 (not of Wall) ; Dalz. & Gibs. p. 101 ; Zehieria 
Baueriana Woodr. in Journ. Bomb. Nat. v. 11 (1898) p. 640; Kurz. in Journ. As. Soc. 1877, pt. 
ii. 105 ; Zehneria exasperata Miq. FI. Ind. Bat. i. pt. i. 656 ; Zehneria scabra ILMV. & Sond. FL cap. 
ii. 486 ; Bryonia Hookeriana W.& A. Prodr, 345 ; B, dssiodes Wall. Cat. 6698 ; R. oxyj^hylla Wall. 
Cat. 6697 (no flowers). 

Monoecious, climbing ; root an oblong flattened tuber ; stems deeply striate, glabrous. Tendrils 
simple, striate, glabrous. Leaves broadly ovate in outline, lf'3| in. long and as broad or sometimes 
broader than long, acute or shortly acuminate and mucronate at the apex, usually 5-angled, the 
angles at the base rounded, the margins distantly toothed, the upper side usually rough with scabrous 
spots, the lower side smooth and prominently veined, base subscordate or nearly truncate ; petiole 
|“1 in. long. Male Jlo-wers Z-i Sit the apex of a peduncle f-lf in. long capitate or in the subumbellate 
racemes ; pedicles short, filiform. Calyx tube in. long, campaniilate, rounded at the base ; 
teeth very short recurved. Corolla pale yellow ; segments | in. long, ovate oblong, subacute slightly 
hairy within the throat. Filameiits hairy. Female or rarely subumbellate; 
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peduncles in. long, in the same axils as the males. Ovary globose. Fruit smooth globose 
minutely pitted, red when ripe, §’-1 in, in diam. Seeds many much flattened smooth. 

Flowers August to December, 

Habitat ' ■ ■ 

North Bengal ; common in Sikkim, Assam,. Siiakia and Ca.elia:r ascending to aii' elevation of 
5,000 ft. ; Deccan Peninsula and Ceylon common : apparently always in the lower hills. Distributed 
to Ava, .Malaya, Africa. ' 


' Medicinal use 

Boot is taken with milk in fever and diarrhoea (J. J. Wood: Plants of Ohota Nagpur, p. 106), 


Occurrence 

Peninsular India 


Burma. 

E, . HiinaM.ya 


Bengal 

Assam 

Walk Cat.'" . , 
Peninsular India, 
fleylon 
Assam ; , . 


Kavurji 6,300 ft., Upper plains 21-9-1911, Coll. C. E. C. Piseher ; Ooty 7,000 ft. 
Nilgiris, Coll. 0. B. Clarke October ; Long valley, Nilgiri Hills 1878, Coll. 
€4. King ; Ootaeamund 12th August 1878, Coll. G. King ; Coonoor 7,000 ft., 
Kilgiris, 7th March 1870, Coll.' C. B. Clarke y Nilgiri Hills, Coll. 
Sothamkadu 4,000 ft., 21-10*05, Coll. C. E. C. Eiseher ; Bralimagiris 4,500- 

5.000 ft., 6-12-1907, Coll. C. E. C. Eiseher ; Bevicolam 6,000 ft. Travancore, 
Coll. A, Meebold ; Bellaji Shola 5,000 ft., 27-S-05, Coll. C. E, C. Fischer ; 
Naterikal 4,000 ft., Tinnevelly District, 1 3th February 1913, Coll. D. Hooper 
and M. S. Eamaswami 

S. Shan States, Coll. Capt. B. W, Maearesor, I.M.S.. Mooiyet 5,000 ft., Tenasse- 
rim, 19-2-1877, Coll. Geo Gallatly 

Sikkim, November, OolL T. Thomson ,• Sikkim Himalaya 4,000 ft., 28-10-1872, 
Coil. J. S. Gamble i Eishap 3,500 ft., Darjeeling 31st Oct. 1870 ,• Mungop 

4.000 ft., Sikkim 2nd Oct. 1884, Coll. C. B. Clarke 
Banil, Chittagong Hill Tracts, 7-3-76, Coli. L. L. Lister 
Theria 150 ft., Khasia 10th Oct. 1886, Coll. C. B. Clarke 
Nopolea 1821, 6698 j Sylhet H. B. 6697 

Malabar Konkan, Coll. Stocks ; 

in Central Provinee at an elevation of 2,000-4,000 ft., Coll. Thwaites; 

Kalek 3,600 ft., Abor lilxpedition 29-12-1 1, Coll. I. H. Burkill ; Hafiong 2,500 ft., 
N. Caehar, 17th August 1908, Coll. W. G. Craib ; Mont. Khasia 0-4,000 ft., 
Coll. J, D. H. & T. T. ,* Kohima Naga Hills, Dec. 1866, Coll. Dr, D. Prain ; 
Inle Lake Southern Shan States, 27th February 1917, Coll. N. Annandale ; 

Hotha, Yunnan Expedition, 20-8-1868, Coll, D. T. Anderson 
Sikkim, 3-6,000 ft., OolL J. D, H. ; Sikkim 4th Nov. Coll T. Thomson 

Cogn. 


Burma . . 

E. Himalaya ' . ■ 

^ Melothria (Bl,) Cogn. in DO. Monogr, Plian. iii, 608 ; Zelmeria BaMeriana 

Cl B. Clarke ; F. B. I. 11 624 ; Bryonia mysormsis W.&A. Prodr. 345 ; Wt Icon. 1. 1609 (but not 
dioecious) Dalz. & Gibs. Bomb. FI. 101 ; Zchnerki rmicmyiaki Miq. FI. Ind. Bat. i. pt. 656 ; Bryonia 
Wiucronaki Blume. Bijid. 923 ? Bryonia fihYorrn is Boxh, FI. lud. III. 727 : Karivia samoensis A, Gray 
in Seem. Fk Viti 103. ‘ 

A rather slender climber, nearly glabrous. Leaves cordate acute simple or 3-5-Iobed half way 
down, 2 in. diam. generally abruptly denticulate,, petiole longer than the auricles f-3 in. or short. 
Flowers frequently monoecious in the same axils sometimes a 2 :>parently dioecious ; male peduncle 
usually L2 in. female less than in. undivided in all the Indian examples, but occasionally the female 
peduncle is elongate umbellate according to Wight. Fruit when dry reticulate rugose ellipsoid, 
seeds much compressed. Roxbiirghs Bryonia filiformis perhaps belongs to this species but the ripe 
fruit is said to be nearly 1 inch. It has been referred to Melothria indica, but the inflorescence is 
quite unlike, as are the yellow flowers and stamens of Roxburgh’s. 


Habitat 

Deccan 

Island, Feejees ; but the area cannot be separated from that of the previous species. 


Peninsula ; Nilgiris ; Canara ; Belgaum. Distributed to i\falaya, Japan, Norfolk 
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. Medicinaliise 

Root is taken with milk in fever and for diarrhoea (J. J. Wood’s Piants of Chota Nagpur, p. 106). 

''“S' Occarreyhce 

North Bengal . • • . Common in Sikkim, Assam, Shasta, and Cachar, ascending to 5,000 ft. 

f>, Melothria indieu Lour. FL Cocliincli. 35 ; DC. Prodr. iii. 313 ; Naud. in Ann. Sc. Nat. Ser. 
4, xvi, 160, with a fig. • Kmz, in Journ. As. Soc. 1877, pt. ii. 105 ; M. Regelii Naud. 1. c. ser. 5, 
V. 35 ; Aeehmamdra mdtea Am. in Hook. Journ. Bot. iii. 274 ; Miq. FL Ind. Bat, i. pt, i. 658 ; Bryonia 
tenella Roxb. FI. Ind. iii. 725 ; Clarke in Hook. f. FL Brit. Ind. vol. ii, p. 626. 

A slender stemed biennial or perennial creeper. Root fibrous, white rather fieshy , Stem and 
branches numerous, tilifonn, creeping, pretty smooth. Leaves 1| by 1| in., petioled, acuminate 
or scarcely acute oiten punctate o]i both surfaces ; particularly underneath more or less cordate 
from 3 to o-angied. denticulate, petiole 1 in. Tendrils simple. Flowers axilla.ry, two male and one 
female together, each on its prominent peduncle, small pure white. Pedicles of males and females 
about as long as the petioles. Point of the connective short. Filaments 3, from the bottom of the 
bell of the corolla or cal 3 ^x, each with a large flesliy lid on each side of wliich is a single anther crested 
behind with a tuft of orange coloured hairs. Style filiform. Stigma large, three lobed. Fruit 
white when ripe | in. ellipsoid pointed, many seeded. Seeds strongly margined. This appears 
exceedingly rare in India ; but it may be doubted whether the next species is a form of this. 
Flowers August to October. 


Habitat 



Sikkim, alt. 3^000 ft. ; C. B. Clarke ; Sylhet in the jheels, H. f.&T, Chittagong, Kurz. A native 
of China. Distributed fimn Malaya to the Philippines, China and Japan. 

Oecurtmme 

■ Burnia . ■ .■ ' . 


. V. ■' ' ■ ' i 

. Kung Tmig 4,000, 8. 8ban States, December 1909, CoIL B, W. MacGregor, 1 

I.M.8. . ■ . , '.i 

BeiigM , . 


Kamhai’a,,.E. Myrneiisirig, 5tlj November iSOSj'ColL G. B.; Clarke r Cliittagong 1 

Aug. 1869, .GolL 8. Kur^; ' 

lliniaiaj'a 


. SilduBi 3,500 ft., 8-945, Ck4], G, Kmg ; Eiingbee, Sikkim Himalaya il-8-T6, i 

Coil. G. Ring ; Sikkim 1S7 3, ColL G. King ; Sikkim 2-10-68, Coll S. Kura 

Assaiit 


. Kxmoma, Naga Hills 1886, Coll, Dr. I>. Pra ill ; Jotsome, Naga Hills, September 

1886, DolL, B.\Praiii Neeolioo'gard 500 ft., Na-ga Hills, ITth October 188-5, ,j 

GoILC. B. Clarke ^ ' . /y • ;1 

> " Malay PeniixBuia 


. W. Java Fall, S. Kiirz ; Sulangora August 18th, 1880 Coll. Dr. King’s col- i 

lector." ■ 


7. 3Ielothrm odorutu Hk, f. & Thoms, ex 0. B. Clarke in Hook. f. FL Brit. India ii 626 ; 
M.elothiirileucocarpa c. 601 ; Brifonia Ham. in Wall. Cat, 6706 A.B.C. 

Near!}" glabrous, stem often stouter iliaii il/. indka ; tendrils sim])ie.- Leaves 2-3 by 1L-2J- in. 
more ox Rss cordate eri^b'c somewhiO, 3 k»bcd m'.utc often pmiciate on boih surfaces, ijotiulo 
l-ll in, Male peduncle long somew'haf' xigzag, with a cluster of p<‘dicles (each J-f in.) at each, angle : 
female pedicle as long as the petiole, Corolla white, with .much hair round the throat. Connote tive 
not much produced ; rudi.uicid.s of ovary in the male iiowers globose depressed. Seeds im not 
or very obscurely margined. This species has been separated from M, indieu by the long raceme of 
the male flowers, which, however, does not essentially differ. The fruit a;ppears very obtuse, the 
degree of margination of the seeds can' hardly be relied upon. , 

Flowers August to December. 

Hubiial ■ . . ■ 

North-West Himalaya ; Ro.yle ; t-lu:oughout the plains of E. Bengal common, and ascending 
the hillG of '7,CHI0 ft. 


J 
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Var. triloba: lobes of leaf divericating sometimes very narrow and long, petiole often shorter 
than the type. Bryonia triflora Wall. Cat. 6707. — E. Bengal, Siirnia Bank, Griffith (Kew Distrib. 
No. 2530). The male inflorescence and the fruit are like those of M. odorata ; the leaves unlike. 


I;:!: ■ Oceurrence ■. 

b Assam . . . . . Jaboca near Naga Hills, December 1898, Coll. Dr. Pram’s collector 

Wall. Cat. . . . . Nepal 1821, 6706 C; Goalpara 21st August 1808, 6706 A ; Sylhet 6706 B 

N. W. Himalaya . , . Mxissooree 4-6,000 ft., September 1877, Coll. J.F.I). 

;; Bengal . . . . . Dacca station, 11th Oct. 1868, Coll. 0. B. Clarke. 

N. W. Himalaya . . . Lohba 6,500 ft., Garhwal District, 19th October 1912, Coll. D. 

Hooper 

Sikkim Himalaya . . . Teesta 1,000 ft., Sikkim 23rd October 1869, Coll. C. B, Clarke 

V Assam . . . . . Kohima 5,000 ft., Naga Hills, 1st November 1885, Coll. C. B. Clarke ; Pip- 

penia 20-1-1882, Coll. H. Collect ; Hhasia, Herb. Griffith ; Gauhati, Novem- 
ber 1852; banks of Kulling, October 1809 ; Sibsagar, October; 

Nicobars , . . . . Battimal March 1891, Coll. Dr. Prain 

Malay Peninsula . . . Mount Tancubam Prew, Java, 4-7,000 ft., Coll. T. Anderson 

ill 8. Meloihria zeyluniea Clarke in Hook. f. FI. Brit. India, ii. 626 ; M. deltoidea Th.wsiites> 

Eniim. 124 ; AeGhmandra deltiodea Avn. in Hook. Journ. Bot. iii. 274 ; Bryonia deltoidea Am, Bngil 19. 

A pretty very slender climber, nearly glabrous. Tendrils simple. Leaves 2 by 1| in. not lobed 
little cordate, acute often punctate on both surfaces ; petiole 1 in. Pedicles of both male and females 
about as long as the petioles. Corolla hairy round the throat; rudimentary ovary of the male 
depressed globose. Ovary fusiform ; stigma large, 3-lobed. Fruit ^ in. broad, obtusely trigonus. 
almost rostrate. Seeds | in., packed in three columns. The name M. deltoidea is preoccupied by 
Benth. in Flora NigriL 368 for a different plant. 

Flowers December to July. * 

Habitat 

Ceylon; common iipto 5,000 ft., Walker ; Gardner. 

Occurrence 

Peninsular India & Ceyiong . Ceylong 5,000 ft., 12-4-59 ; Ceylong to E.P. 16-4-69 ; Devala 3,000 ft., Niigiris 

1884, Coll.’ J. S. Gamble; Kadamporai, Anaimalai Hills, 3,300 ft., Niigiris 
1884, 8-12-1913, Coll. C.E.C. Fischer ; Machur, Puiney Dist., 4th July 1897, 
Coll. A. G. Bourne 

W, India . . . . . Savantvadi, Bombay, 3rd April 1900, Coll. Dr. Dalgado 

9. Melothria Wallichii Clarke in Hook. f. FL Ind. ii, 626 ; Bryonia odorata Wall. Cat. 
6706 D. 

Stem glabrous, tendrils simple. Leaves triangular, not lobed little cordate, sinous scarcely 
denticulate, scabrous above with flat round glands, slightly hispid beneath. Male raceme nearly 
as in M, odorata. Fruit pedicle f in. Fruit rostrate, attenuate at the base, resembling closely that of 
M. zeylanica but rather larger. Seeds nearly J in., larger than those of M, zeylcmica^ 
larger. Seeds nearly | in., larger than those of M, zeylanica,, many, oblong very complanate, ha,rdlT 
margined, smooth on the faces. 

Habitat 

Prome (Burma) ; Wallich. 

10. Melothria bicirrhosa C. B, Clarke in Hook. f. FL JBrit. Ind. Vol. ii, page 627. 

Nearly glabrous; stem like that of M, odorata. Tendrils stout all 2-fid; leaves 4 by 3 in.^ 

deeply cordate, ovate caudate acuminate, petiole 2-3 in. Inflorescence exactly as in M, odorata, 
Male flower altogether of the genus, anthers lateral on the connective which is long produced above 
them ; rudiment of the ovary depressed globose. Fruit nof known. This appears as an excessively 
developed, M. odorata. 
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Habitat 

Burma . . . . . Griffith (Kew Distrib. No. 2522). 

ll. Melothriu heterophy^^^ Cogn. in DC. Monogr. Phan. v. 3, (1881) p. 618 ; Jackson, in 
Index Kew. v. 3, p. 203 ; Bryonia umbelhta Klein, in Willcl. sp. PL v. 4, p. 618 ; Grali. Cat. p. 78 ; 
Dalz. & Gibs. p. 101 ; Zehneria umbellata Tbwaites 125 ; C. B. Clarke in Hook. f. PL Brit. Ind. voL 
ii. p. 625 ; Kurz. in Journ. As. Soc. 1877, pt. ii 105 ; Zehneria hastata Miq. FI. Ind. Bat. v. 1, part 1, 
p. 656 ; Woodr. in Jonrn. Bomb. Nat. v. ii (1898) p. 640 ; Watt. Diet. Econ. Prod. v. 6 part 4. p. 355 ; 
Karima umbellata Arn. in Hook. Journ. Bot. iii 275 ; Miq. 1. c. 661 ; K, Rheedii Roein. ; Bliq. 1. c. 
661 ; Momordica umbellata Roxb. FI. Ind. iii, 710 ; Bryonia amplexicaulis Lamk. Diet. i. 496 ; DC. 
1. c. 306 ; W,& A. Prodr. 346 ; B. sagiitata Rlieedei and Blunie ; DC. 1. c. 305, 306. 

Vern. Hind. Anant-mul ; 'Btwg. Kudari;Bh. Banhahra. 

Dioecious ; root perennial, consisting of several tubers ; stems slender, branclied, furrowed 
glabrous. Tendrils simple. Leaves 3-6 in. long, polymorphous, regularly ovate, or 3-5 angled or 
lobed, or hastate, acute or acuminate, usually cordate at the base, generally scabrid and pale green 
above, paler or cinereous and reticulately veined beneath, margins remotely denticulate ; -petiole 
in. long pubescent. Male flowers subumbellate, 15-20 on a peduncle |-| in. long ; pedicles fili- 
form, in. long. Calyx glabrous ; tube campanulate, rounded at the base, in. long ; teeth 
minute, subulate. Corolla small, yellowish- white ; segments triangular, acute in. long. Fila- 
ments slender subglabrous, in. le^ng. Female flowers : peduncles solitary, |-i in. long. Ovary 
narrowly oblong, glabrous or more or less pubescent, 10-ribbed. Fruit l|-2 in. long, oblong ovoid 
cylindric, tapering towards the apex, ribbed, bright-red when ripe. Seeds obovoid or subglobose, 
scarcely compressed, smooth, white. The leaves are very variable in shape. 

Flowers March to July, 

Habitat 

Throughout India and Ceylon very common. Distributed to Malaya, China, North Australia. 
Var. i. Leaves deeply 5-palmate with narrow lobes, scattered glands, young ovary densely 
velvety, seeds oblong slightly compressed quite smooth and rounded with no trace of a margin. 
Bryonia nepalensis Seringe in DC. Prodr. iii 307 ; Temperate Western Himalaya. 

Var\ ii. Leaves regularly oval, margin denticulate or crenate dentate. In Eastern India ( Wight 
n. 1122 part ; Ritchie n. 308/2 ; Hiigel n. 2417) ; in Assam (Simoims ; Masters) ; in Sylhet (Wallich 
n. 6705 part) ; in Mont. Khasia (Hook. f. & T.) in Sikkim (Hook, f.) ; in East Bengal (Griffith n. 
2526/1 part) ; in Ceylon (herb. Berol) ; in Java (Blume). 

Far. iii. Leaves ovate, angular or lobed. Bryonia simosa Wall ! 1. c. in Eastern India (Wallich 
n. 6716 part; Wight n. 1121; Royel) ; in Nilgiri Hills (Hohenacker n. 1506) ; in Mysore (Hiigel 
n. 435); in Assam (Jenkins) ; in Coromandel (Belanger n. 307) ; in Ceylon (Thwaites n. 1619 ; 
Fraser). 

Var. iv. Leaves ovate-oblong, denticulate Eastern India (Lambert ; Wallich n. 6705, R.S. 3 ; 
Roxburgh ; Wight n. 1129 part ; Hugel n. 2822 & 4502 ; Thomson) ; in Assam (Jenkins) ; in Ceylon 
(herb. Lugd.-Bat.) ; in Java (Blume). 

Var V. Leaves deeply 3-5 lobed, lobes subequal, triangular or lanceolate.— Teedonia 
Boxb. 1. c. In Eastern India (Roxb. ; Wight n. 1122 part, 1129 part; Heyne) ; in Sikkim (Hooker 

Far. vi. Leaves deeply 3-5 lobed, lobes subequal, sublinear. In Eastern India (Wight n. 1122 
part) ; in Nepal (Wallich n. 6705 F. part). 

Far. vii. Leaves hastate, lobes entire terminal lobe oblong or triangular, basal one divergent. 
Northern India (Stewart) ; in Sikkim (Trentler) ; in Mount Khasia (Hook. f. & T.) ; in East Bengal 
(Griffith n. 1526, part); in Java (Horsefield; Zolinger n. 669). 

Far. via. Leaves hastate, lobes dentate or crenulate, terminal ones oblong or triangular, basal 
ones divergent. In Eastern India (Roxburgh ; Royel ; Stewart); in Nepal (Wallich n. 6705 F. 
part) ; in Eastern Bengal (Griffith n. 2526, part) ; in Coromandel coast (Belanger n. 307) ; in Ceylon 
(Thwaites n. 1619 part). 
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Far. ix. Leaves hastate, lobes entire, terminal lanceolate or linear-lanceolate, basal ones parallel 
or convergent. Bryonia sagiitata Bl. 1. c. — Zelmeria Miq. 1. c.^ Eastern India (Wight 

n. 1129 part) ; in Mount Khasia (Hook. f. & Thomson) ; in Sikkim (Hooker, f.) ; in East Bengal 
(Griffith n. 2526, part) ; in Java (Blume ; Horsfield). 

Far. X. Leaves hastate, lobes entire, terminal one lanceolate or linear lanceolate, basal ones 
divergent,— Brj/oma Rheedii 1. c. East India (Jacuemont n. 898, A ; Ritchie) ; in Tenasserini (Fal- 
coner) in Punjab (Aitchison n. 1056) ; in Mont. Khasia (Hook. f. & Thom.) ; in Java (Blume & 
Zollinger n. 669 part). 

Far. xi. Leaves hastate, lobes sublinear, lobular, lateral ones divergent. Eastern India (Hugel 
n. 4965 in Herb, vindol). 

Far. aJM. Leaves hastate, lobes sublinear, entire lateral ones divergent. In Nepal (Horni- 
nianii in herb. Berol) ; in Cejdon (Thwaites n. 3506 in herb. DC. Boiss. Mus. Par. Kew). 


Medicinal me 

Dymock remarks, ''Its medicinal properties do not appear to be known to European writers 
on Indian Materia Medica, nor does it appear to have had a place in the Sanskiit Materia Medioa. 
In Konkan the juice of the root with cumin and sugar is given in cold milk as a remedy for spermator- 
rhoea, and the juice of the leaves is applied to parts which have become inflamed from the applica- 
tion of the marking-nut juice. As n, panshtik or restorative and fattening medicine, roasted onions, 
gometta root, cumin sugar and ghee are given or gometta only with milk and sugar {Materia Medica 
IFe-s^ huh). Food : '' The ripe and unripe fruits are eaten by the natives, as are also the roots when 
boiled ” (Roxb, Campbell). In Bombay the fruit is eaten together with that of Cappans zeylmiica 
Linn. 


Oemimnee 

N. W. Himalaya 


Bengal 

Orissa 

Burma 


Bihar 

Bensral 


Burma , 


Peninsular Tudia and Ceylon 


Coll F. W. Mackimion; Tons Valley 4-0,000 ft., Teh ri Garhwal District, 4th 
June 1894, Coll. J. F. Duthie. 

Aiiimr Duars, 1891, Coll. E. A. Heawood. 

Baripada vern. Bankundi, Myurbhiinj .District, 30th June 1912, Coll. D. Hooper, 

Mountain stream 500 ft., Upper Chindwin Distiict, 19th October 1926 ; Inle 
Lake, .Southern Shan States, 6th March 1917, Coll. N. Annandale ; Maymyo 
plateau 3,500 ft., Mandalay District, lOtii May 1909, Coll. J. H. Lace ; Taba 
dowa, Upper Burma July 1891, Coll. Abdul Haque ; Monlmein, Tennesserim, 
May 1911, CoIL A. Meebold ; Keng Tung 2,000 ft., Southern Shan States, 
July 1909, Coll. Capt. R. AV. MacGregor. 

Top of Parashnath, 23rd September 1858. 

Rich soil, Kodala Hill 30 miles from Chittagong, October 1887, Coll. Dr.King’s 
collector, Badal J£han. 

Nwamadanug Hills, Minbu District, Upper Burma, 201h March 1903, Coll. 
Aubert and Gage ; Fort Stedman, 1894, Coll, Abdul Khalil; Khoni, Upper 
Burma, May 1888, Coll. J. C. Prazer ; (hii ku plains, Tenasserini, 27th April 
1877, Coll. Geo. GallatJy ; Martaban, Coll. S. Knrz ; Toladowa, Upper Burma, 
iTuly 1891, ColL Abdul Khalil ; near Maymyo 4,000 ft., April 1888, Coll. N 
Manden ; Plumado, above the village 4,000 ft., April 1888, Pegu, Coll. S. 
Kurz ; Amherst, 30th March 1849, Coll. Falconer ; District, Memon, Myitkyina 
Ymian Expedition, 8th June 1868, Coll. D. J. Anderson ; Sittang side Pegu, 
Coll. S. Kurz. 

Mundomurhi, "fravancore State, 27th August 1913, (VjlJ. C. C. Calder and M. S. 
Ramaswami; Manuzhathora, Travancore, 4th October 1912, Coll. M. Rama 
Rao ; Mundagamurhi, Travancoro, 27th August 1913, Coll. M. Rama 
Rao; Perumal 5,500 ft., Madras, 4.th February 1913, Rev. August, Saulieres ; 
Daehuru, Nelore District, about 250 ft., )2th August 191.7, Coll. 0. E. C. 
Fischer ; Mysore and Carnatic, Coll. G. Thomson ; Travancore, Coll. J. F. 
Boiirdillon; Bhimandidu, Mysore Province, 30th March 1905, Coll, C. A. 
Barber ; Koni, 200 ft., Travaiicore, 19th December .1894 ; Coll. J. F. Boudillon, 
Madras; Madras Presidency, Coll. M. S. Ramaswami; Bombay; Gungagu- 
dem, Godavari District, 11th August 1914, ColL M. S. Ramaswami ; Karwar, 
N. Kanara District, Bombay, June 15, 1883, ColL Dr. Ritchie ; Trichur, 
Cochin, Madras, September 1884, fV.))!. J. S. Gamble; Malabar, Konkoiu 
tropical region. Coll, Stocks Law 
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Assam 


Bengal . • 

E. Himalaya . 

Centra] India . 
N. W. Himalaya 

'k. 

.Bihar 

Cangetic Plain . 
,| Bengal, . . 

Orissa 

Central India . 
E, Himalaya . 
Wall. Cat. 

Java Pen, 


Tlierria Ghat, Ivhasia and Jaintia HilLs, 14th October 1010, Coll. I). Hooper ; 
Wood north of Oircuit house, Haflong, 2.500 ft., K. Cachar 1-VIII, 1008, 
Coll W. GXh'aib jHafiong 2, 675 ft. ,W.Cachar, 10th August 1008, ColLW. G* 
Craib, near Maoryng Kueng, 4,500 ft., Khasia Hills, 8th June 1011, Coll, I. H * 
Burkill, and S. 0. Banerjee ; Mount Khasia 1-4,000 ft., Coll. J. I). H. & 
T. T., Gauhati, May 1831, East Bengal ; Coll. Griffith, Khasia, Coll. Oldham, 
Konoma, May 1805; Coll. Eeporter of Economic Products of the Govern- 
ment of India ; Kohima, 4,750 ft., Kaga Hills, 22nd October 1885, Coll. 
C. B. Clarke ; Kohima, 30th October 1885, Coll C. B. Clarke ; Khongui Hill 
6,000 ft., Manipur (on the Eastern frontier of India), April 8 1882, Coll. 
George Watt. 

Dinaj pur, March 1897, Coll. Beporter of Economic Products Government of 
India ; Sibpur IX:, 64, Coll. S. Kurz. 

Lachujig valley 7,500 ft., Sikkim Himalaya, 14tli September 1892, Coll. CoL 
G. A. Gammie ; Ryang, 23rd August 1876, Coll. G. King ; Kalimpong 4-5,000 
ft., July 18 1914, Coll. Thonton Ripley; Byang, 2,000 ft., 12 May 1874 
Coll. G. King ; towards Tungbo, 20th June 1857, Sikkim Terai, Coll. S. Kurz ; 
Sikkim 1-2,000 ft., Coll. J. B. H. ; Rungo valley, Coll. S. Kurz ; Mimgpu— 
British Sikkim, August 1903, Coll. A. C. Harttess. 

Ajmere, Abu Sirohi, Rajputana, June 1868, Abu 4,000 ft., Coll. G. King, M.B, ; 
Guna, 9th August 1867, Coll. G. King ; Abu, Rajputana, Coll. Major 
Roberts. 

Simla, 4-7,000 ft., Coll. T. T. ; Ganges valley near Muklea, 8-9,000 ft., 13th 
August, Gall. J. F, Duthie ; Hazara, X. W. F. P., 3,500-5,000 ft,, Coll. 
Stewart; Bippi, 8,000 ft.. Coil. Dr. Brandis; X. E. of Simla, Coll. i)r. Stoliezka; 
X. W. India Hb. Hoyle, September 4th 1880, Coll. J. E. T. Aitehison. 
Sahibganj, Santa! Parganas, Bihar, 22nd May 1870, Coll. C. B. Clarke. 
Parasnath Hill, Hazaribagh District, 14th Xovember 1858. 

1,000 ft., Moradabad, U, P. 8/45, Coll. T. T. ; Moharajaganj, Gorakhpur District 
U. P. vern. Birhani, 6th October 1902, Coll. Kalka Prosad. 

Chandernagar, August 1902, Coll, Abu Hossein ; Chandpur, Tipperah, 26th 
October 1898, Coll. D. Hooper. 

Baripada A^ern. Ban Koadrie, Mayniurbhanj, Srd-Deceniber 1911, Coll. D. 
Hooper. 

Chanda, District Chanda, Central Province, 6th Februaiy 1904, Coll. Rejoorter 
of Economic Products, Government of India. 

Great Riingiet, Sikkim, 1,800 ft.. May 1862, Coll. T. Anderson, M.D. ; 
Sikkim, 1872, Coll. G. King, M.B. 

Dindigul, Madura District, Madras, 11th December 1826, Tavoy, No. 6705 S., 
Tavoy Burma, 28th August 1827, n. 6705 S.. Svlhet, Assam, No. 6705, 6705 X., 
6705 b, 6705 E or F., Gorakhpur, U. P., 6705 C, 21st April 1814, Jalpaiguri, 
March 1809, 6705 D. 

Java, Coil. BI. 


18. Kedro.stis 


Kedrostis, Medic. Phil. Bot. 2, p. 69 (1791). Meisn. Gen. p. 126 (91) ; Endl. Gen. pi. p. 935, n, 
9124 ; Arn. in Hook. Joimi. of Bot. 3, p. 273 : Wight in Ann. and Mag Nat. Hist. 8, p. 267 ; Roein. 
Syn. fasc. 2, p. 8, 22 ; End). 1. e. n. 9125 ; Roeni 1. c. p. 8, 23. — Bhync}iocar 2 )a Sclirad. Reliq. 1, c. 
(1838) 403 ; Endl. 1. e. n. 5129 ; Meisn. Gen. comm. p. 356 ; Naud. in Ann. Sc. nat. ser. 4, v. 12, p. 
146 ; Benth. et Hook. Gen. PL I, p. 831 ; Harv. Gen. South Afr. PL edit. 2, p. 126: Boiss. FL 
Orient. 2, p. 762 ; Hook. f. in Oliv. FL trop. Afr. 2, p. 627, 

Prostrate or scandent herbs : root perennial. Tendrils simple. Leaves entire or lobed. Flowers 
small, monoecious (rarely dioecious). Male flowers racemose or corymbose. Calyx tube campanu- 
late, usually glabrous within ; lobes 5 short. Corolla rotate, 5-partite. Stamens 3 (rarely 5), inserted 
^ in the calyx tube; filaments short, glabrous ; anthers short, glabrous, one ] -celled, the others 2- 
celled (or when 5 all 1-ceIled), free or slightly cohering, the cells straight or slightly curved, the con- 
nective usually 2-fid or 2-partite ; produced beyond the cells. Rudimentary ovary 0 or glandiili- 
form. Female flowers subsessile, solitary of aggregated, shortly pedicelled. Calyx and corolla as 
in the male. Rudimentary stamens 0 or 3, very small. Ovary usually ovoid, beaked 2-3-pIacenti- 
ferous ; ovules few, horizontal ; style sometimes obscutely surrounded by a disk at the base ; stigmas 
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2 or 3; Eruit baccate, ovoid, xisaalJy rostrate. Seeds usually lew, tumid, margined ; testa usually 
cnistaceous smootli. Distrib. Tropical and sub-tropical iisia and Africa ; species 11. 

KedrosMs rostrata Cogniaiix. in DC. Monogr. Phan. v. 3 (1881), p. 636 ; Jackom in Index 
Kew. V. 2, p. 4 ; Rhynchocarjpa fcetida C. B. Clarke in Hook. f. EL Brit. Ind. 2, p. 627 (partly) ; i?. 

Naud. in Ann. Sc. Cat. Ser. 4, v. 16, p. 177 ; Kuris, in Journ. As. Soc. Beng. (1877), part 2, p. 
106 ; Trim. EL ceyl. V. 2, p. 258 ; Woodr. in Journ. Bomb. Nat. v. ii (1898), p. 640 ; Watt. Die. 
Econ. Prod. v. 6, part 1, p. 502 ; Aechniadfarostmta Axn, in Hook. Journ. Bot. v. 3 (1841), p. 274 ; 
Dalz. & Gibs., p. 100; Bryonia filosa Roxb. Hort. Beng. p. 104; Grat. Cat. p. 248; Bryonia 
rostrata Rottl ; in WillcL Spec. pi. 4, p. 616 ; Ser. in DC. Prodr. 3, p. 304 ; Wight & Arn. Prodr. 
1, p. 346. 

Scandent, monoecious ; stems slender, branched, angled, scarcely hairy. Tendrils simple, 
filiform glabrous. Leaves f by 2 in. long and as broad as long, membranous, orbicular in outline, 
bright green, hairy and more or less scabrid on both sides, margins entire or distinctly toothed, cordate 
at the base. Sometimes 6-angled or sublobate, the lobes subacute, apiculate ; petioles | in. long, 
hairy. Male flowers : peduncles filiform in. long, 2-4 flowered at the apex ; pedicells capillary 
in. long, usually bracteolate at the base ; teeth minute. Corolla pale yellow segments oblong 
lanceolate, acute in. long pubescent. Female flowers ; peduncles in. long. Ovary oblong, 
beaked pubescent. Emit subsessile, deep red about 1 in. long, ovoid, tapering into a long narrow 
beak, pubescent. Seeds in. long oboid, with a narrow sharp wing, brown. 

Flowers May to October. 

Habitat 

Gujarat, Dakell; Deccan Peninsula, Rottler, Wight; Malabar Hills, Stocks ; Dr. Ritchie; 
Ava, Wallich. Distributed tropical Africa and Natal. 

Medicinal use 

Speaking of this plant Ainslie says, The fruit as it appears in the bazars, is about the size of a 
finger and of a light grey colour ; it has no particular smell, but slightly sweetish and mucilagenous 
taste, it is prescribed internally, in electuary, in cases of piles ; in powder it is sometimes ordered as 
a demulcent in humoral-asthma ; dose of the electuary two tea spoonful thrice daily ”. 

Occurrence 

Pen. India . . . . Gingee, S. Arcot, District Madras, 1st October 1926, Northern Division, Janu- 

ary 1852, Kodaikanal Ghat, Madura District, Madras ; Pulneys, 7th July 
1901, Coll. Bourne ; in grass on a hill near Deverayi, 1,800 ft., July 1918, 
Coll. L. J. Sedgwick & T. R. D. Bell, Bodinaikanur, District Madura, Decem- 
ber 1910, Coll. A. Meebold; Bombay, N. Dalzell. 

C. I. . . . . . Ali Rajpur, 20th May 1897, Coll. Reporter of Economic Products to tlie 

Government of India ; Vern. Mirchaya kanda, 

19. Gerasiooarpum 

Cerasiocmpiini, Hook. f. in Benth. et. Hook. Gen. Plant I, p. 832 ; Baill. Diet, de Bot. 1. p 702 * 
Clarke in Hook. f. EL Brit. Ind. 2, p. 628. ' A 

Climbing glabrous herbs ; tendrils simple. Leaves long petiolate, oblong, cordate, nearly entire. 
Flowers very small, monoecious ; male peduncle carrying a few clustered flowm^s at the top * female 
flowers sessile, solitary, often in the same axil with the male. Mode : calyx tube short campanulate 
with 5-minute teeth; corolla 6-partite ; stamens 3; anthers subsessile, distant, one 1-celIed, two 
2-celled ; cells oblong, lateral on the connective which is not produced ; rudiment of the ovary 0, 
Female: calyx and corolla as in the male ; ovary ovoid ; disc. 0, stigma 3; ovules 3, horizontal ; 
placentas vertical ; fruit ellipsoid, subsessile, indehiscent, without a beak ; seeds 2-6, smooth, slightly 
compressed. 

Cerasiocarpum zeylanicum Hook. f. in Benth. & Hook. f. Gen. i. 831 ; Clarke in Hook, 
f. FI. Brit. Ind. 2, p. 629 ; G. Benettii Cogn. in Monographia Phanarogamarum. VoL III, p. 729 ; 
Brijonofsis Benettii Miq., EL Ind. Bat. part 1, p. 657 ; Aechamandra zeylanica Thw., Enum pi 
teyU p. 125. . . 
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Leaves 3-6 in. membranous obtuse or acute triangularly oblong or hastate, base broadly 
emerginate cordatOj margin entire or undulate denticulate ; petiole l-ll in. Flowers in. diam., 

yellow. Male floivers ^ calyx tube, sparingly pilose, about 1 in. long and about l-lj in. broad. 
Petals broad acuminate 5-nerved with dense glandular hairs about 1 in. long and less than an inch 
broad. Stamens-fi laments about in. long, anthers in. long. Female : calyx tube campanu- 

late, in. long and | in. broad. Petals ovate oblong, 14 in. long. Ovary giabrous about an inch 
long and i in. in diameter. Seeds in. diam., little compressed, incompletely margined, 2-6 in. 
each fruit. " 

Flowers August to November. 

Habitat 

Ceylon, alt. 3-5,000 ft., Thwaites; Java; Sumatra; in India orient. 

Oecurrence 

Ceylon . . . . . Central Province at an elevation of 3-5,000 ft., Coll. Thwaites ; Antani, Novem* 

her 1858. 

Sumatra . . . . . Geenasty nay Lampay,12tb August 1880, Coll. H. 0. Forbes. 

20. COEALLOCARPUS 

Corallocarpus Welw. in Benth. and Hook. Gen. Plant 1, p. 838 (1867) and Sert. AngoL in Trans. 
Linn. Soc. 27, p. 32 ; Hook. f. in Oliv. FI. trop. Afr. 2, p. 565 ; Clarke in Hook. f. FI. Brit. Ind. 2, 
p. 627 ; Cooke FI. of Bombay 1901-03 vol. I, p. 543. 

Prostrate or climbing herbs. Tendrils simple. Leaves roundish or cordate, lobed or palmate. 
Flowers minute, monoecious. Male flowers croweded at the apex of along peduncle. Calyx-tube 
broadly campanulate ; lobes, short. Corolla 5-partite ; segments ovate-oblong. Stamens 3, free, 
inserted on the calyx tube ‘ filaments very short, anthers glabrous, entire or partite, one l-celled,, 
the others 2-celled, the cells straight, the connective produced or not, often bifid. Rudimentary 
ovary 0 or minute. Female flowers sessile or shortly pedicelled, solitary or fascicled, sometimes 
subspicate. Calyx and corolla as in the male. Rudimentary stramens 0 or minute. Ovary ovoid, 
beaked, 2-3 celled * ovules few, horizontal ; style straight, without a basal disk stigma 3 (rarely 2-4) 
lobed. Berry fleshy ovoid or ellipsoid, rostrate or obtuse, operciilately dehiscent near the base. 
Seeds few, obovoid or subglobose, tumid. Distrib. India and Tropical Africa. Species 15. 


Key to the species 

Seeds globose compressed hardly margined ; fruit ellipsoid sessile, suddenly 
narrowed into a short back ; stem stout . . . . . . . 

vSeeds ellipsoid or pyriform ; stem slender ; Female flowers usually fascicled or 
subspicate; seeds not margined ... . . • • . . * 2, C. conocarpa. 

Female flowers usually solitary ; seeds slightly margined . . , . . 3. C, efigmu8. 

I, Corallocarpus velutinus Benth. &> Hook. f. Gen. PL v. 1, FI. B. L v. 2, p. 628; 
Woord. in Journ. Bomb. Nat. v. ii (1898), p. 640 ; Hook. Bomb, FL vol i, p. 544 ; Aechenandm 
velutinaTJalz, & Gihs., ‘p, 100, 

A stout climber ; root fibrous ; stem stout, angular, hairy, deeply grooved, not much branched. 
Tendrils very long, striate, simple. Leaves fleshy, suborbiciilar in outline, 2-3 in. long and as broad 
as long, pale green and at first softly villous, finally scabrid above, tonientose and ashy-grey beneath, 
cordate or subtruncate at the base, deeply palmately 3-5 lobed, the lobes rounded or oblong, sometimes 
tubulate, irregularly denticulate ; petiole stout, l|-2 in. long, densely hairy. Male flowers in 15-20 
flowered racemes at the top of a hairy slender peduncle 2-4 in. long ; pedicles filiform in. long ; 
calyx shortly hairy ; tube sub-hemispheric, in. long ; teeth narrowly triangular, less than in. 
long. Anthers subsessile ; connective scarcely produced, bifid. Female flowers fascicled, subsessile. 
Fruit f in. long, including the beak, sessile ellipsoid, suddenly narrowed into a beak almost a in. long, 
red when ripe, finely velvety. Seeds in. in diam., globose, margined. 
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Habitat 

Sindj Dakell ; Distrib. Persian Gulf and tropical Africa. 

Occurrence . ■ 

W. India . . . . . Mihrat Tangi, 3,500 ft., Belucliistan and assigned District, Coll. J. H. Lace. 

2. Coralloecirpiis conoearpus C. B. Clarke, in Hook. f. FI. B. I. v. 2 (1878), p. 628 : 
Aechamdm conocarpa Dak. and Gibs. Bomb. FI., p. 100 ; Hook. Bomb. FI. v, i, p. 544. 

Climbing, monoecious; stems slender, striate, glabrous; tendrils simple, slender, glabrous. 
Leaves 2-2f by 1|-2|- in. pale green above ash coloured beneath both surfaces and especially the 
lower, clothed with minute white hairs, scarcely scabrid, cordate, at the base, deeply palmately 3-5- 
lobed, the lobes oblong lanceolate, acute or acuminate, the terminal lobe the longest much con- 
tracted at the base ; petioles |-1J in. long, slender, rugulose. Male floimrs 6-15 at the apex of a 
slender glabrous peduncle |-1J in. long; pedicles filiform in, long. Fermtle flowers idi&mchA 

or subspicate. Fruit glabrous conical-oblong, not suddenly contracted into the beak, orange red 
except the cupshaped base which remains green. Seeds pyriform, turgid by 'xV'nr ^n., dark 
brown (nearly black), niargined. 

Flowers June to August. 

Habitat 

Gujarat near Malpor and Gundar ; Dalzell ; also in Stocks collection probably from Sind, 
Distributed to Central Africa. W. India: Sind; Sambal, Dharwar, Bombay, September 4, 1889, 
Coll. W. A. Talbot. 

Corallocmpus epigmus C. B. Clarke, in Hook. f. FI. B. 1. v. 2 (1879), p. 628 ; Trin. 
FI. Ceyl V, 2, p. 258 ; AVoodr. in Journ. Bomb. Nat. v. ii (1898) p. 641 ; Byroma epigma Rottl. in 
Nov. Act. Soc. nat. scrut. Berol 4, p. 212 (1803) ; Willd. spec. PL 4, p. 619 ; Spreng. syst. veget. 
3, p. 16 ; Wight Arn, Prodr. 1, p. 346 ; Wight Icon. tab. 503 ; Walp. Report 2, p. i98 ; non Bl. ; 
B, Roxb. Hort. Beng. p. 104, FI. Ind. 3, p. 725 ; R. Wall. List n. 6711 D, non Lin.; 

AecJmiandra epigcm Arn. in Hook. Journ. of Bot. 3, p. 274 ; Rom. Syn. mon. fasc. 2, p. 33 ; Thw. 
Eniim. pi. zeyl. p. 125 ; Dalz. & Gibs. Bombaj^Fl. p. 100 ; Rhynochoearpa epigcea 'Nmd, in Ann. Sc. 
nat. ser. 4, v. 16, p. 178. 

Prostrate or climbing, monoecious ; root large ; turnip shaped ; stems slender, grooved, zigzag, 
glabrous ; tendrils simple, slender glabrous. Leaves suborbicular in outline, f-3 in. long, usually a 
little broader than long, light green above, paler beneath, shortly roughly hairy on both surfaces, 
deeply cordate at the base, angled or more or less deeply 3-5-lobed, the lobes usually lobulate and 
obtuse, sometimes apiculate more or less irregularly denta te on the margins ; petioles f -14 in. long, 
glabrous, Malefloivers small, 5-15 at the apex of a straight stiff glabrous peduncle l|-2-| in. long ; 
pedicles filiform, -g-V-iV iong. Calyx slightly hairy ; tube in. long, slightly rounded at the base, 
teeth minute, erect, distant, subulate. Corolla greenish yellow ; segments in. long. Anthers 
yellow ; connective green, produced beyond the cells, bifid. Female flowers usually solitary ; 
peduncles short stout, glabrous. Fruit stalked in. long including the beak, ellipsoid or ovoid 
suddenly contracted into a slender beak | in, long, scarlet in the middle, tlie base and beak green 
circumcisely dehiscent at the junction of the green and red portions near the base. Seeds 6-9 in. 
orange coloured pulp, pyriform, I-} by turgid, brown, vith a whitish corded margin. 

Flov^^ers June to August. 




Habitat 

Punjab, Rawalpindi, J. E. T. Aitchison ; Sind and Gujarat, Dak. ; Deccan Peninsula, Rottler : 
Wight ; Belgaiim, Ritchie ; Ceylon, Thawaites. 

Medicinal use 

The root is of varying thickness and length and much resembles tljat of Momordica dioica, 
being in shape not unlike a Ibadly grown turnip, but much larger ; externally it is yellowish wliite 
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and marked with red circular rings ; the taste is bitter mucilaginous, and subacid when cut it exudes 
a viscid Juice, which soon hardens into an apalescent gum” (DjnnocF*). A drug valued by the 
people of India as a alterative tonic useful in syphilitic cases. According to Aiiislief the Vydians 
of South India esteem the merits of this drug. They prescribe it in later stages of dyvsentery and 
old venereal complaints. It is usually administered he says “ in powder, which is of very pale 
colour, in doses of a pagoda (about a drachm) weight in the twentyfour hours and contmued for 
eight or ten days together ; this quantity generally produces one or two loose motions. The root 
when dried ver}^ much resembles the colmnba root, to which it apporoaches also in medicmal qua lities 
Ainslie also states that for external use in chronic rheumatism it is made into a liniment wdth cumin 
seed, onion, and castor oil. It is considered an anthelmintic and deobstriient, and in the Deccan 
and Mysore it enjoys the reputation of being a valuable remedy for snake bite, being administered 
internally to the bitten part. The authors of the Pharniacopoeia of India agree with Ainslie that 
this drug deserves to be more carefully examined and its properties tested. 

Occimence 

Fen* India . . , . Coimbatore, Trichoiiopoly, 3rd September 1878; CoJi. G. King, Kamalepore 

September 1910; Coll. A. Meebold, 1,000 ft., Coimbatore District ; Coll. C, 
E. C. Fischer, Lower Pulney, 1,500 ft., 27th September 1913; Coil. Rev., 
Aug. Sauliers, Bailiir, 3,800 ft., Coimbatore District, 22nd August 1905; 
Coil. C. E, C. Fischer, Hills East of Raj ampet, 1,200 ft., Ciiddapah District, 
February 1883 ; Coll. G. S. Gamble, Malabar, Konkan, Bombay ; Coll. 
Stocks, Law etc. 

Wail* Oat. . . . . 6711, 6709 B, 6709 A, 6709 C. 

Gangetic Plain . . . . Banda, U. P., common, 7th May 1901 ; ColL Mrs. A. S. Rell, vern. Indoran, 

fruit poisonous, Jumna ravines near Agra, 31st December 1885 ; ColL ej. F. 
Duthie. 

Bengal . . . . . W. Bengal ; ColL S. Kurx. 

Central India . . . . Wasali, Biildana Ditrict, Berar, 23rd September 1909; ColL I. H. Burkili, 

Seoni, Chanda District, Central Province, November 1902. 

21. BLA.8TANIA 

Blastarda Koischy et Peyr. PL Tin. p. 15 (1865-1866), edit. Kanitz. p. 21; Ctemlepis Hook, 
f. sec. Naud. in Ann. Sc. Nat., ser. 5, v. 6, p. 12 (1866, non DC. Notar 1847) ; Ctenokpis Hook. f. in 
Benth. and Hook. Gen. Plant. 1, p. 832 (1867) and in Oliv. FI. trop. Afr. 2, p. 657 : Clarke in Hook, 
f. FI. Brit. Ind. 2, p. 629 ; Sicyi. Zehneriw and BryonicB Bpeo, Auct. ; ZeJinerim sact. Bmcteria Stocks 
in Hook. Kew. Journ. of Bot. 4, p. 148. 

Prostrate or scandent, annual herb. Tendrils simple. Leaves digitalely 5-7-lobed or partite. 
Bracts stipuliform, in axils of the leaves, toothed or pectinately cilate. Flowers minute, monoecioiis. 
Male Jlo'wers mcemose, on slender pedicles. Calyx-tube short, campanulate ; lobes 5, subiilate, 
very small. Corolla rotate, deeply 5-partite. Stamens 3, inserted on the calyx tube, free ; fila- 
ments remote, very short ; anthers small, one 1-celIed, the others 2-ceIIed, the cells short, straight, 
the connective not produced. Rudimentary ovary 0. Female flower s solitary in the vsame axils as 
the male : peduncles short. Calyx and corolla as in the male. Staminodes 0. Ovary ovoid, 2-3 
placentiferoiis ; ovules few, horizontal ; style columnar wdthout a basal disc; stigma 2 (rarely 3). 
Fruit fleshy, globose or obliquely subquardrate. Seeds few, ovoid, much compressed or boat shaped, 
the margins obtuse or acute ; testa smooth. 

Distribution Tropical and subtropical Asia, Tropical Africa ; species 2. 



. Key to the species 

Fruit ellipsoid or globose . . . , . . . . . . 1, B.Jimhristipula. 

Fruit obreniform or hammer shaped . . . . . ... 1. B.Qarcinia, 

1. lUastinm fimbristipula Kotschy. et Peyr., PL Tin. p. 15, tab. 7, edit. Kuitz., p. 22 ; 
Bryonia fimbristipula FenzL, in Kotschy Iter. Nutic, n, 205, 2§1 (1841), in flora, 1844, p, 313 : 


* Dymoek, W-(1885). India, 

■‘'Ainslie, W-(182r)). Materia Medlca 
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Scliweiiif. FI. x4.etIiiop.5 p. 250 ; Zehneria cerasiformis Stocks in Hook. Kew. Journ. of Botany 4, 
p. 149 ; Walp. Ami. 4, p. 855 ; Dalz. and Gibs. Bomb. FI. p. 100 ; Aitch. Pb. & Sind PI. p. 65 ; 
Ctenolepis cerasiformis Hook. f. in Oliv. FL trop. Afr. 2, p. 558 ; C. B. Clarke in Hook, f, FI. Brit, 
Iiid. 2, p. 630. 

An extensive climber ; stems subfiliform, elongate, much branched, grooved and angled, glabrous, 
smooth or slightly scabrid. Tendrils slender, elongate, striate, simple. Leaves membranous, l|-4 in. 
long and broad, scabrid on both surfaces with white spots, usually 3-partite (rarely 5-Iobed), the 
segment ovate oblong or lanceolate, acute narrowed at the base, denticulate or crenulate, the lateral 
segments more or less 2-lobbed, the intermediate segment entire or 3-Iobed often with a long mucro ; 
petioles in. long, slender grooved, hirsute, at length scabrid with white spots. Stipular bracts 
in. long, orbicular, reniform or dimidiate, scabrid with minute white spots, ciliate with hairs as 
long as the breadth of the bract. Male floivers 5-10 at the apex of a glabrous filiform peduncle 
-|-1| in. long ; pedicles ebracteate •g-V-'gV in- long. Calyx teeth minute. Corolla minute ; segments 
ovate-oblong, obtuse, spreading. Female floimrs solitary ; peduncles short. Fruit subsessile, 
globose scarlet glabrous, in. in diam. Seeds 2, ovoid, J in. long, -fg-l- in. broad ; smooth yellowish 
grey, convex on one side, deeply concave on the other edge sharp. 


Habitat 

Sind, Stocks ; Gujarat, Dalzell. — ^Distrib. Tropical and Southern Africa. 

W. India , . . . . Sind, Bombay ; Coll. vStocks. 

2. Blastania Gareini Cogniaux. in DC. Monogr. Pyan. v. 3 (1881) p, 629 ; Jackson, in Index 
Kew, V. 1, p. 311 ; Ctenolepis Gareini, C. B. Clarke, in Hook. f. FL Brit. Ind. v. 2, p. 629 ; Byronia 


triloba Lour. FL Cochinch. 2, p. 594, edit. Willd. 2, p. 731 (non Thunb.) ; 5. 


Raeusch. 


Bot. edit. 3, p. B. stipulacea Willd., Spec. 4, p. 620 (excl. var.) ; Ser. in DC. Prodr. 1, p. 34.4; 
B. remfoTitms Bo'xb., in E. ind. Comp. Mus. tab. 468 in ed. ex. W. Arn. ; Zehneria Gareini ^iockB, m 
Hook. Kew. Journ. of Bot. 4, p. 149 ; Walp. Ann. 4, p. 855 ; Thw. Enum. pi. zey. p. 125 ; Dalz. & 
Gibs. Bombay FL p. 99 ; Ctenolepis Garcinis 'SsiuA, in Ann. Sc. Nat. ser. 5, v. 6, p. 13. 

Climbing ; stems slender, elongate, striate, branched, glabrous. Tendrils capillary. Leaves 
membranous, 1-2 in. long and broad, at first hisrute afterwards scabrid with white spots, deeply 3-5* 
lobed, the lobes usually obovate, obtuse or acute, constricated at base, dentiqulate or crenately toothed, 
the intermediate lobes scarcely longer than the others, mucronate ; petioles |-1|- in. long, slender, 
striate, shortly hirsute, at length scabrid. Stipular bracts in. long, ovate or rotundate, shortly 
hairy, fringed on the margin with long filiforms cilia. Male florvers yellowish white, 3-4 at the apex 
of a slender peduncle, less than | in. long ; pedicles in. long. Female flowers solitary on very 
short peduncles. Fruit broader than long, by |-f in., bright red, glabrous inversely subreniform 
or hammer shaped. Seeds by I in., oblong yellowish-grey, rounded at the apex, slightly attenuated 
at the base, with a deep pit on one face convex on the other, the edge thick and obtuse. 

Flowers September to December. 


Habitat 

Bundelkhand, Edgeworth; Deccan Peninsula, Bottler ; Ceylon Thwaites. 


Medicinal use 

Atkinson says that the fruit, seeds and roots are used in medicine. 


Occurrence 
Peninsular India 


Wall Cat. 
India • 


Central India 


Northern Division, Bodinaikanur, Madura, December 1910; Coll. A. Meebold 
Ahmadnagar, Bombay, 1,800 ft., September 1919; Coll. L. T. Sedgwick &. 
T. R. D. Bell, Biccavol, Godavery Delta, 24th December 1907 ; Coll. Dr, 
Bourns, Hills of Rajampet, 1,200 ft., Cuddapah District, Noypauvcichady, 
Coimbatore : Coll. Wight. ♦ 

6?12A. 

Rajkot, Kathiawar, Bombay, Surat, Bombay; October, 1930 ; Coll. P. S. 

Ivanctkar, Gujarat, Bombay. 

Guna, Isagarh District, Gwalior, September 1857, 


I] 
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22. DiCiBLOSPEBMUM 

DicmlospeTmum O, B; Clarke in Hook. f. FI. Brit. Ind. % p. 630. 

A scabrid climbing slender kerb. Tendrils simple. Leaves petiolate, ovate cordate or sub- 
hastate. Flowers white, minute, shortly pedicelled, monoecious, the male and the female in the 
same axils. Male flowers solitary or fascicled. Calyx-tube, short, campaiiulate ; teeth 5, minute. 
Corolla deeply 5-partite ; segments entire, triangular ovate, stamens 3, free, inserted on the calyx- 
tube ; filaments very short; anthers oblong, one 1-celled, the others 2-c6lled ; the cells straight, 
connective narrow, scarcely produced at the apex. Eudiiiientary ovary glanduliform. Female 
flowers unknown. Fruit dry, depressed globose, 1-celled. Seeds 3, erect, inserted at the bot orii of 
the cell. 

Distribution.— India (W. Peninsula), apparently endemic. 

Dicmlospermum Ritchiei C. B. Clarke in Hook. f. FL Brit. Ind, v. 2, p. 630 ; Wood?, in 
Jour. Bomb. Nat. v. II (1898) p. 641. 

Stems elongate, not much branched, grooved, scabrid. Tendrils slender, c^longate, striate, 
sparingly hairy. Leaves If -3 in. long and about as broad as long, deep green and sparingly hirsute 
above, paler hirsute and at length scabrid beneath, denticulate, usually ov^ate sub -triangular and 
slightly 3-lobed, the lateral lobes very short, acute, long, very scabrid (almost echiniilate). Male 
floivers fascicled ; peduncles filiform, in. long hairy. Chlyx~tube in. long. Female flowers 
not seen. Fruit sessile, glabrous, smooth umblicate at the apex, about -b in. long and soniewhat 
broader than long, red when ripe. Seeds whitish-brown, | by ^ by tly- in., broadly ovoid, com- 
pressed, .slightly beaked, longitudinally ridged and slightly rugiilose in tlie inicldle, containing 
three cavities, the central enclosing the embryo, the 2 lateral empty. 

Flowers July to September. 

Habitat 

Belgaum, also in Herb. Stocks, doubtless from Western India. District. — Apparently endemic. 
Stocks (without locality) in Herb. Kew; Konkan ; W. Ghats near Matteran, Woodrow. Deccan 
S. M. country ; Belgaum, Ritchie. 

None of the specimens have female flowers, they have been collected in the fruiting condition* 
Occurrence 

W. India . . , . Amboyne, 12 miles soutli of Lensli, Poona, October 1897 ; near Lansli, October 

1897 ; Coll. C4. M. Woodrow, Poona. 



23. Cyclanthbea 

Cyclanthera, Schrad. Index Sem. Hort. Gotting, 1831, Linnaea, Ssfljitt. p. 23 et Reliq. in Limiaea, 
12, p. 408 ; Messn. Gen. Plant., p, 127 (92) ; Spacli. Veg. phan. 6, p. 222 ; wndl. Gen. Plant n. 5143 ; 
Arn. in Hook. Journ. of Bot. 3, p. 280 ; Roeem. Syn. fasc. 2, p. 101 ; Naud. in Ann. sc. Nat. Ser. 4, 
V. 12, p. 158 ; Ser. 5, v. 6, p. 15 ; Benth. and Hook Gen. plant 1, p. 836 ; Cogn. Diagn. Cucurb. fasc. 
2, p. 61 and in Mart. FL Bras. fasc. 78, p. 101. 

Flowers monoecious. Male recemose or paniculate. Calyx tube pateriform or cupular, 5- 
dentate, subulate or filiform occasioQally 0. Corolla rotate deeply 5-partite, segments broadly 
ovate oblong, often aciite. Stamens united in a central column, filaments short: anthers top 
connate, loculus linear conduplicate or longitudinally dehiscent, or occasionally anthers horizontal 
annular unilocular circular dehiscent pollen ovoid, when dry, 4-5 furrowed globose when moist, 
apertures as many as the longitudinal furrows, Pistillode 0. Female flowers in the axil of the male 
flowers solitary. Calyx and corolla as in the male. Staminodes 0, ovary oblique, ovoid, rostrate, 
1-3 locular or 2-many locular, occasionally trilocular, locules 2 septate with one ovule in each cell. 
Style stout stigma large, hemispherical. Ovules many when the ovary 1-2 celled and solitary when 
the ovary is multicellular, erect or oblique, ascending. Fruit oblique, ovoid gibbous and reniform, 
scarcely fleshy, prickly or spiny, rarely smooth. One to multilociilar, 5 to many seeded, sprouting 
dehiscence, leaving a naked central or lateral placentiferous column. Seeds plain, angular, testa 
crustaceous smooth or rough, apex often bifid or bieuspidate. 

L 
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A tropical or temperate American herb, scandent, glabrous or subglabroiis, root annual or 
perennial. Leaves entire or lobed or pedate, 3~13 foliate. Tendrils simple or 2-many fid. Flowers 
often minute, yellowish green or white, sometime 6-merous. 

CyeJantkera pedata Schrad. Index Sem. hort. Gothing. anno. 1831. 

Stem glabrous ; leaves pedate 6-7-foliate ; leaflets sessile of subsessile, lanceolate or oblong- 
lanceolate, narrowed at base, apex acute or subobtuse and mucronate, denticulate or subcrenulate ; 
tendrils 3-4-fid ; male flowers small, in panicles semi-verticilate inflorescence, branches with many 
flowers ; calyx denticulate with bristles, minute ; fruit subsessile, sparcely spinous or smootli rostrate 
at the .apex acute .recurved. 

Schrad. in Linneea, 8, p. 23 and v. 12, p. 408; Spach. Veg. phan. 6, p. 223; Walp. Repert. 5, 
p. 761 ; Rrem. syn. fasc. 2, p. 101 ; Naud. in Ann. sc. Nat. Ser. 4, v. 12, p. 159 ; the Garden 12 (1877), 
p. 017 Cun. icone ; Cogn. Diagn. Cucurb. fasc. p. 63. ^ 

Stem scandent, sufficient^ robust, long, much branched, angular, smooth. Petiole robust, 
cljanneled, glabrous 5-15 cm. long. Leaves upper surface bright green; lower surface pale green, 
both sides punctate-scabrous niore so on the upper surface ; terminal leaflets 7-16 cm. long, 2-6 cm. 
broad ; lateral ones somewhat small, outmost ones very deeply 2-3-lobed. Tendrils robust, elongate, 
channeled, glabrous. Common peduncles of the male flowers slender, angularly furrowed, glabrous 
smooth, 10-20 cm. long, 25-50 flowers ; branches short, distant ; pedicles filiform, spreading, fascicu- 
late, subglabrous, tube 3-4 mm. long, teeth spreading, occasionally slightly flexuous, -J-f mm. long. 
Corolla golden yellow, segments broadly ovate triangular, acute 3-sub-5-nerved, both sides shortly 
sparingly pubescent glandular, l|-2 mm. long, 2-2|- mm. broad, apex papillose. Female peduncle 
1-3 mm. long, calyx and corolla as in the male, somewhat larger. Ovary oblique oblong, narrowed 
at the apex and rostrate ; style thick |--| mm. long, stigma subloculate, 2 mm. broad. Fruit smooth 
gibbous, oblong, base narrow,- occasionally sparingly echiniate. Green when young white when 
mature, bilocular 8-10 seeded, 5-7 cm. long, 2|-3 cm. broad. Seeds subquadrate base truncate, apex 
appendicular, margin muricate. 10-12 mm. long, 7-8 mm. broad and 2 mm. thick. 

Flowers about the end of October. 

Habitat 

N. W. Himalaya . . . Jeolikota, 4,000 ft., Kiimaon, 22nd October. 1912, Coll. N. Gill. 

24. Actinostemma 

/Acidnostmifna' GiiS. PL Cantor., p. 24, tab. 3 ; Lindl. Veg. Kingd., p. 316 ; EndL Gen. Plant Sullp. 

5, p. 50 ; Griff. Notiil. 4, 601 ; Naud. in Ann. Sc. Nat. Ser. 5, v. 5, p. 39; Benth. and Hook. Gen. 

Plant 1, p. 338 ; C. B. Clarke in Hook. f. FL Brit. Ind. 2, p. 632 ; Mitrosicyos, Maxim. Prin. FI. Amus., 
p. 112 (1834) and in Ann: Sc. Nat. Sr. 4, v. 13, p. 95 ; Pomast^iom Miq. in Ann. Mus. hedg. Bat. 2, 
p. 80 (1865) and Prol. FI. Jap., p. 12 ; Bull. Soc. bot. detr. 13, RevuL, p. 8. 

A slender climbing herb ; tendrils simple, 2-fid. Leaves petioled, deeply cordate or hastate, 
elongate, much toothed, nearly glabrous. Flowers small, monoecious, in lax axillary panicles, 
pedicles jointed about their middle ; panicles frequently male with a few females near the base. 

Male : calyx rotate 6-partite, v/itli lanceolate linear segments ; corolla 5-partite, segments lanceolate 
caudate ; stamens 5, free ; connective dilated-papillose on one side, with a narrow straight oblong 
aiitlier-cell on the other. Female : calyx and corolla as in the male ; ovary subglobose, verrucose, 
1-celled ; style short, with 2 reniform stigmas ; ovules 2-4, pedulous, subparietal, capsule ovoid 
conical half superior, covered with rough points, circumscise above the middle. Seeds 2-4, compressed, 
cerate, corrugated and denticulate on the margin. 

Species 4 of which only one is found in India. 

Aidinostema teneruni Griff. PI. cantor 25 ; Clarke in Hook. f. FL Brit. Ind. p. 633 (exel syn.); 
SicyoH oxyca-nihos Wall, Cat. n. 6683 ; Momordica Paina Wall. Cat. n. 6742 ; Mitrosicyos lobatus 
ulaxim. in Prin. FL Amur. 112, t. VII ; Pomasterion japonicum Miq. Ann. Mus. Lugd. Bat, ii 80. 

X.eaves 4 l)y 2| in. acute, scarcely lobed in the Bengal specimens, palmately lobed in Maximowicz, 
petioLi often 2 in. Panicles 2-6 in. fruit f by J in. not at all trigonas, upper part miiricated as well 
as the lower. Seeds I by | in. 
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Habitat 

Plain of E. Bengal, frequent Assam (Sylhet). Distrib. Aniuiiand, Japan. 

. 25. Zanonia 

Zanoma Linn, Goroll., p. 19, Gen. ed. 2, p. 477, ed. 6, p. 523, .Spec. ed. 1, p. 1028, ed. 2, p. Pi-5T 
(lion Blum.) ; Rekh. Gen., p. 519; Jiiss. Gen., p. 397 ; Neck Elein. 1, p. 1244 : Schreli. Gon. 2, 
p. 690 ; . Wilki Spec. 4, p. 769 ; A. St.-Hib. Mem. Mus. 9, p. 218 ; Bl. Bijdr., p. 937 ; Ser. in DU. 
Prodr. 3, p. 298 ; Poir. in Diet. Sc. Nat. 59, p. 254 ; W. and Am. Prod. 1, p. 340 : Meisn. Geo,, p. I2i> 
(91) ; Spacli. Veg. Phan. 6, p. 189 ; Endl. Gen., p. 934 ; Am. in Hook. Journ. of Bot. 3. p. 27 2 : iOpm. 
Syn. fasc. 2, p. 113, 117 ; Miq. FI. Ind. Bat. 1, Part 1, p. 682 ; Benth. & Hook. Gen. I, p. 839 ; Clarke 
in Hook. f. FL Brit. Ind. 2, p. 633. 

Scandent glabrous or pubescent shrubs. Tendrils simple or bifid. Leaves petiolate, ovate or 
entirce. Flowers dioecious, all racemose or the males panicled. Male jiowers : sepals 3, broadly 
oblong or orbicular, membranous concave. Corolla rotate 5-partite, coriaceous or fleshy ; the seg- 
ments narrowed at the apex. Stamens 5, free inserted on a fleshy disk ; filaments very short and 
thick ; anthers transversely oblong, adnate fco the filaments 1-celled. Rudimentary ovary 0. Female 
flowers : calyx and corolla as in the male. Staminodes very short, alternate with the petals. Ovary, 
elongate at first 3-celled, at length 1-celled by the absorption of tlie septa ; ovules 2-niany in each 
cell, attached at both sides to pariental placentas, pendulous. Fruit cylindric, clavate or heniisplieric 
terete or sub trigonous, truncate and broadly 3-valved at the apex. Seeds large pendulous oblong, 
compressed imbricate, surrounded by a large membranous wing. Distrib. —Tropical Asia, Java, 
Species 2. 

Zo/fionia indica Linn. sp. PI. ed. 2 (1763), p. 1457 ; Willd. Spec. 4, p. 769 ; Poir. in Lam. Encyel . 
meth. Bot. 8, p. 837, 1. 11 des gen. 3, p. 407, tab. 816 ; BL Bijdr., p. 937 ; Ser. in DO. Prodr. 3, p. 298; 
Spach. Veg. phan. 6, p. 189 : Rcem. Syn. Fasc. 2, p. 117 ; Wight & Am. Prodr. 1, p. 340 ; Wight, 
I. 11, tab, 103 ; Miq. FI. Ind. Bat. 1, part 1, p. 682; Thw. Enum., p. 124, 442 ; Clarke in Hook. f. 
Fi. Brit. Ind. 1, p. 633 ; Watt. Diet. Econ. Prod. v. 6, part 4, p. 322 ; Cogii. in Mongr. Phan. De. 
Candolle vol. iii, p, 926 ; Cook. Flora Presi. Bombay, Vol. I, p. 546. 

Scandent, climbing to a height of 30-50 ft. Stems stout, cylindric, striate, woody, glabrous. 
Tendrils elongate, terete, glabrous. Leaves coriaceous, deciduous (leaving a permanent circular 
scar) 3-6 by 24- in. ovate-ohiong, acute entire bright green and glabrous alcove, paler and conspicuously 
reticulate beneath, 3-iierved iruni a rounded or vslightly cordate base ; petiole |-1|: in. lungystout, 
glabrous. Male flowers in racemes or panicles 6-12 in, long ; on slender grooved glabrous peduncles ; 
pedicles somewhat stout, articulated about the middle, in. long, bracteolate at the liase. Sepals 
in. long, ovate acute, concave glabrous. Petals greenish-yellow, oblong, obtuse ^ in. long, in. 
broad at the base. Female flowers in 5-12 flowered recemes 4-12 in. long. Sepals broadly triangular, 
I in. long. Petals ovate oblong in. long. Ovary cyHndric, in. long. Capsule shaped like a candle 
extinguished 4-2 in. long, cyhndric obconic, slightly tapering towards a rounded base, truncate at 
the apex, glabrous pale yellowish brown. Seeds much compressed, f by f in., pale yellow, smooth, 
the wing 2-2-|- in. long by | in. broad, rounded at the base and apex, fruit ripe in May. 

Flowers January to October. 


i Habitat 

Assam and Bast Bengal Griffith ; Deccan Peninsula Wight ; Malabar Mts. Stoc*bs ; Law, Dalzell ; 
Ceylon not uncommon up to 2,000 ft. Thwaites. Distrib, Malaya, 

X Medicinal use 


According to Rheede the leaves beaten up with butter milk, are used in South India as an 
anodyne application. The Sinhalese value the plant as a febrifuge (Thwaites''^). The fruit is said 
to possess acrid cathartic properties. The Hakims in Bombay assert that the fresh juice is very 

Thwaites, G. H. K. (1859). Enimerctw Plantarurn Zsylamcum 124 
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efficacious as an antidote to the venomous bites of the Gecko, known in the Deccan as Sliahi-alam 
or king of tlie world (S. Arjun^), In Malabar a bath made by boiling the leaves in water is 
used to remove the nervous irritation caused by boils, and an antispasmodic liniment is made by 
pounding the lea V 0 vS with inilk and butter. 


Occurrence 

Malaya Peninsula . , . Ivinta Perak, 300 ft., January 1885 ; Coil. H. Kunstier, G. Borbo, 300-500 ft., 

March 1885 ; Dr. King’s collector, banks of B. P. river, 300-400 ft., August 
1885; Coll. I)r. King’s collector. 

Andamans . - . . North Bay Hill Jungu, S. Andaman, 29th October 1892 ; Coll. Dr. King’s 

collector. 

Peninsular India , . . Tenmalai Travaneore State, 11 th September 1913; Coll. C. C. Calder and 

M. S, llainaswami, Kaldumtti, Travaneore, 11th September 1913 ; Coll. 
Rama Rao, Travaneore, Coll. M. A. Lowson, Tiagli, 2,000 ft., N. Kanara 
District, Bombay, 1896 ; Coll, W. Talbot. 

Ceylon . . . . . Central Province. 

Bengal . . . . . Royal Botanic Garden, Calcutta. 

Assam . - • • • E. Bengal ; Heib. Griffith. 

26. Goaiphogyne 

Gomphogyne Griff. PI. Cantor, p. 26, adnot. 4 ; Endl. Gen. PL Suppl. 6, p. 50 ; Benth. and Hook. 
Gen. Plant, i, p. 838 ; C. B. Clarke in Hook. f. FL Brit. Ind. 2, p. 632 ; Triceros Griff, not pi. Asiat. 
4, p. 606 (non howi:).—Zanomae and Alsomitrae Spec. Auct. 

Climbing weak, succulent herbs, tendrils 2-fid or simple. Leaves petioled, pedate, with 5-7 
lanceolate, serrate leaflets. Flowers small, monoecious (sometimes at least), male racemed ; females 
panicled or clustered. Male: calyx rotate, 5-partite, with oblong segments; corolla 6-partite 
with elongate lanceolate segments ; stamens 5, filaments united at the base ; anthers globose, 1 -celled 
straight. Female: calyx produced above the ovary and the corolla as in the male; corolla seg- 
ments caudate ; ovary top-shaped, 1 -celled ; style 3, 2-fid. at the wide truncate summit, crowned 
by the persistent styles. Seeds 3 (2-1), ellipsoid, little compressed, black, obscurely margined. 
Distrib. Species 2, one in the Himalaya and the other in Burma. 

Key TO THE SPECIES 

0 apsule succulent ; seeds oblong . . . . , . . , . G, Cmiformis, 

Capsule dry; seeds ovoid . . . . . . , . . .2. G, heierospermum. 

1. 6rom|>J^osfi(tie eissiyormts Griff. PL Cantor., p. 26, adnot., tab. 4 : 0. B. Clarke in 
Hook. f. FL Brit. Ind. 2, p. 632. 

Leaves 2| in. diam., glabrous or slightly pubescent, apex acute or acuminate, base long attenuate, 
margin crenate dentate, Male racemes 1-6 in., simple or more often appearing compound towards 
the end of the leafless branches, provided with minute bractiolates. Calyx segments acute about 
-/q- in. long. Petals glabrous, trinerved margin obscurely denticulate ^ in. long. Female clustered 
near the axils or on panicles 2-4 in. bracts subulate, elongate. Capsule somewhat succulent | in. 
wide at the summit, seed | in. oblong with scaly tubercles on the rounded faces. 

Flowers about October. 


Ceylon 

Bengal 

Assam 


Habitat 

Garhwal alt. 760 ft., Madden; Kumaon 7,000 it., Edgeworth, Strachy and Winter bottom; 
Sikkim 5,000-7,000 ft., Lachoong J. D. Hf ; Doobdi C. B. Clarke. 

Var, glabra Cogn, Fruiting inflorescence slender, with long pedicle ; fruit glabrous. 

Fur. villosa Cogn, Fruiting inflorescence stout, aggregated, wdth short pedicles ; fruit tomen* 
tose. Sikkim in Lachoong cum var. (Hook. f. in herb Kew. Par. Vindob. Lugd.-Bat.). 

'"Arjun, S. (1879). Cataiogue of Bombay Dmg», 260 
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Occurrence 

N. W. Himalaya . . , Jimina vaUev between Rana and Banos in dampwoods, 8-9,000 ft., October 

1899. 

-^ Sikkim , . . . . Doobdi, 6,000 ft., 10th October 1875 ; Coll. C. B. Clarke, Sikkim ; Coll. S, Kurz., 

Darjeeling, 7,000 ft., October 1880 ; Coll. G. S. Gamble, Sikkim, 5-7,000 ft. ,* 
Coll. J. D. H., Dimisoiig, 6,000 ft., Darjeeling, December. 

Java . . . . . S. Kurss. 

2. Gomphogyne heterosperma Kurz. in Journ. As. Soc. Beng. 40, 1871 ; 11,58 Clarke in 
Hook. f. FI. Brit. Ind, 2, p. 632 ; Zanonia ? heterosjyermu Wall. Listn. 3728 et PL Asiat. var. 2, 29 ; 
G. Don., Gen. Syst. 3, p. 4 ; Walp. Repert. 2, p. 194 ; Miq. FI. Ind. Bat. I, part 1, 683. Alsomdtro> 
heterosperma Roem. Syn. fasc. 2, p. 118. 

Leaves and inflorescence closely resemble (?. cissiformis, capsule dry gribbed, | in. narrow linear 
^ oldong, 4 in. at the siiminit, seeds | in. ovoid nigose-lacimose. 

Habitat 

Burma : Taong Dong. Wallicli. 


'A 


27. GYMNOvSTEMMxi 

Gymmstemma ’^^^ Bijdr., p. 23 (1825) ; Linnsea. 1, p. 497 ; Spreng. Cur. post, p. 246 ; Meisii. Gen., 
p. 5 (7) ; Spach. Veg. phan. 8, p. 7 ; Endl. Gen. PI. p. 827 ; Dene, in Arch, du Mus. 1, p, 147, adnot ; 
R(jein. syn. fasc. 2, p. 21 ; Miq. Ind. Bat. 1, part 2, p. 687 ; Bentli. and Hook. Gen. pi. 1, FI. 839 ; 
C. B. Clarke in Hook. f. FI. Brit. Ind. 2, p. 633 ; Pestalozzia, ZolIinMoiT. Syst. verz. ZoIlPIf., p. 31 ; 
Walp. Ann. 1, p. 316 ; Endl. Gen. PL suppL 5, p. 50 ; EnkyliaGnS. & PL Cantor., p. 26 ; Bndl, 
Gen. PL suppl. 5, p. 50. 

Climbing herb y tendrils simple. Leaves pedate; leaflets 3-5, ovate lanceolate, serrate, 
membranous. Flowers small, dioecious, in axillary diffuse panicles, greenish. Male calyx short, 
with 5 small lobes ; corolla rotate, 5-partite, wdth lanceolate segments ; stamens 5, filaments connate 
below ; anthers 2-celIed ; cells long, straight. Female calyx and corolla as in the male; ovary 
spherical 3-2-ceIIed ; style 3-2 united at the base, at the apex 2-fid ; ovules in each cell 2, pendulous. 
Fruit globose, size of p pea, indehiscent, 1-3- seeded. Seeds not winged, verrucose, submuricate. 


Key to the species 


Leaflets (.3-0) mostly glabrous bencatli or slightly pubescent- 
membranous . . ... 


A\ i 


-3 -5- foliate ; leaflets 

. . . . 1. O. pedata. 

Leaflets (3) densely pubescent, in ore so on the veins ; leaflets not membianous - 2. G. barmamca* 

1. Gymnostemma peduta Blume. Bijd. ; Miq. FI. Ind. Bat. i, pat. ; Enkylia digyna and 
trigyna. Griff. PL Contor. 27 ; Zanonia Wightiana irn. in Hook. Journ. Bot. ii, 272 ; Z. cissoides 
and lam, Wall. PL As. Par. ii, 28, 29 ; Wall Gat. 3726, 3727 ; Z. pedaia, FI. Bat. i. pt. i. 683 ; 
Pestalozzia pedata Zoll. et Morr. Syst, Verz. 31 ; Enum 124. G. cissiodes, pedata ^^nd Wightiana, 
Bth. & Hook. f. Gen. PL i, 839. 

Stem glabrous or pubescent. Leaflets mostly 5 or 3, l|--2 in. lanceolate or ovate lanceoJatc ; 
generally glabrous or slightly pubescent on both surfaces more or less membranous, ovate oblong or 
ianceolate ; margin umdiilate or acuminate, leaf base attenuate ; petiole in., often pubescent 
with a line of crisped hairs. Panicles usually 3-6 in. sometimes 15 in. by nearly a foot broad, leafless ; 
l)racteoles subulate in. long. Petals one-nerved, margin denticulate, when dry gives the appearance 
of a bird’s claw, in. long. Style 2 and 3 on the same plant. Fruit \ in. diam., glabrous or 
puberuloiis. Seeds in. ellipsoid, subtrapezoid. 


Habitat 

Kumaon ; Strachey and Winterbottoni. Nepal ; Wallich. 
iipto 5,000 ft. ; Ceylon Thwaites ; Distrib. Malay and Japan, 


Sikkim Assam, Kliasiu common 
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"I Gymnosteinmu burmmiicaKm^ ea; Chakra varti. 

A rather stout climber. Stem pubescent more so on the tender parts. Leaflets 3, nerve 5, 
lanceolate or ovate lanceolate, densely pubescent with brownish coarse hairs on both surfaces more 
so on the xnider surface and aggreted closely on the veins. Middle leaflets 2-2| in., side ones in. 
long, lanceolate or ovate lanceolate. Leaflets never neinbranoiis rather thickish, margin umdulate 
or creniilate dentate, apex acute or acuminate, leaf-base attenuated; petiole 1-1|- in., generally 
densely pul)escent. Panicles usually 3-6 in. or more. Flowers white ; bracteoles -ijV'iV hi- s calyx 
segments acute -5\, Petals one-nerved, membranous, denticulate, when dry, gives the 

appearance of a bird’s claw, segments ill. long. Fruit wanting. 

The specimens have been collected from Burma. Dr. King named it (j. barmamca 'Km^g'sM8s: 

Occurrence 

Biimia . . . . . Maymyo, Upper Burma, July 1888 ; Coll. J. C. Prazer, Southern Shan States, 

Taungyi, 1893; Coll. Abdul Khalil, Thamakhan, S. Shan States, Upper 
Burma ; Coll. Abdul Khalil, Maymyo, July 1888 ; Coll. Badal Kh«an. 

28. Alsomitra 

Alsomitra Rcem. Syn. fasc. 2, p. 117, partin 1846 (non Zanoniae Beet, Alsomitra BI. Bijdr., p. 937) ; 
Benth and Hook. Gen. 1, p. 840 ; Cogn, in Mart. FI. Bras. fasc. 78, p. 113 ; Clarke in Hook. f. FL 
Brit, Ind. 2, p. 634.' 

Ijarge climbers ; tendrils simple or 2-fid. Leaves with 3-oblong entire leaflets. Flowers small 
dioecious, white, in compound panicles, with filiform branches. Male : calyx rotate, 5-partite, 
segment oblong, acute ; corolla rotate 5-partite, segments obtuse, stamens 5, filaments stout, near 
together at the base ; anthers small oblong straight, l-celled. Female : calyx and corolla as in the 
male ; ovary elongate-clavate, l-celled, sytle 3-4, conical, with semi-lunate stigmas ; ovules very 
many, pendulous ; placentas 3, thick, vertical, parietal. 

Capsule large, elongate-clavate, truncate, and 3-valved at the apex. Seeds very many, com- 
pressed, vertical, in six rows, much corrugated, incised or horned on the margin with a terminal 
membranous wing, longer than the seed, or 0. Distrib. Species 10, extending from Nepal through 
Malay to North Australia. 

Key to the species 





Leaves very fleshy ; (fruit narrower) I, A, sarcophyUa, 

Leaves herbaceous ; fruit stout — 

Fruit glabrous . . . . . . . . . . . 2. A, clavigera. 

.Fruit tomentose 3. ^1. pubigera, 

1. Alsomitra sarcophylla Ptoem. Syn. fasc., p. 118 ; Kurz. in Journ. As. Soc. 1878, pt. ii, r 

106, Hook. f. imBot. Ma,g. tab. 6017 ; Clarke in Hook. f. FI. Brit. Ind. 2, p. 634; Zanonia sarco- 
phylla Wall. Cat. n. 3724 ; PL Asiat. var. 2, p. 28, tab. 133 ; Walp. Rep. 2, p. 194. 

A lofty climber perfectly glabrous everywhere. Stem very slender, copiously branched ; 
branches cylindric, pendulous. Leaves alternate, 3 foliate, petiole very short thick ; leaflets 2-3 in. 

Jong elliptic-ovate or oblong, or ovate-lanceolate, obtuse or a.piculate, quite entire, very fleshy, -lu in., 
in thickness, bright green and obscurely 3-nerved above, channeled down the middle, paler and 
reticulated beneath ; petiolules about as long as the petiole. Tendrils quite entire. Panicles slender 
axillary and tejmiinaL pendulous, many-flowered, greenish yellow. Flowers dioecious, shortly 
pediceiled ebraceteate, in. in diameter, very pale strand-coloured. Sepals ovate-oblong acuminate, 
half as large as the rotate corolla ; coroFa segments elliptic ovate and apiculate. Stamens small 
recurved, anthers smalladnate. Ovary club-shaped, l-celled, many ovuled ; ovules pariebal ; styles 
3-4 short, conic, stigma semilunar, black. Fruit 2 inches long, subcylindric obtusely 3-gonous smooth 
narrow at the base into the pedicel. Seeds compressed ; nucellus obovate ; testa black, muricate : 
wing oblong, olxtuse hyaline. 

A singular climbing evergreen plant, one of a small anomalous tribe of Cucurbitacese, which iy 
distinguished by its fine stamens l-celled anthers and ovary, and very curious fruit, winch is ahnost 
cylindric, and opens by a tricural slit at the truncate top. It is a stove plant, and has rerna,rkably 
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fleshy bright green foliage, which is admirably adopted for decorative purposes, keeping fresh for a 
very long time without water. The flowers which are individually insignificant, are produced in 
immense abundance. This plant is moreover valuable for being very free from the attacks of scale 
and other iiisects-pests of the hot house. It is a native of forests in Burma and Siam, abounding in 
arid, sterile and exposed situations along with the banks of the Irrawaddy river, where it was dis- 
covered by Dt. Waliich in 1826, flowering in the month of November. 

Flowers November to February. 


Habitat 

Burma : from Mandalay to Prome, Waliich, Kurz ; Distributed to Siam. 

Oeeaf fence 

Biiniia . . . , . Foiilin ‘Road, District Minbu, December 1902 (Joll. Shaik Mokivti ; Myiinee, 

Bagaing District, 4th February 1904 Coll. Ramcliandra ; Kyaiikse, common, 
Central Burma, 9th January 1904; My aiing-u-Minbu District, i9th March 
1903 Coll. Aubert and Gage ; Minju, Upper Bnnna, 1893 Col!. Dr. King’s 
collector ; Fort Stedman, tipper Burma, January 1893 Coil. Alidul Huk ; 
Collen, Upper Burma, Januar^^ 1892 Coll. Abdul Huk; Prome, Pegu, 
Coll. S. Kurz; Shan States, Upper Burma, November 18, 1890 Coll. Abdul 
Hiik ; Upper Burma November 1887 Coll. A. Collet; Kiimav Road, 2nd 
November 1892 Coll. Abdul Huk. 

Wail. Cat. . . . . 3724, 18th November 1826, Prome Hills, 1826. 

j^iam . . . . . Badhburie, Kedah, September 1890 Coll. C. Curtis. 

2. Alsomitra elavigera Roem. Syn. fasc. 2, p. 118 ; Clarke in Hook. f. FI. Brit. Ind. 2, 
p. 634; Zanonia elavigera Wall. Cat. n. 3725: PL As, rar. 2, p. 28 ; Walp. Rep. 2, p. 194 ; Z, 
Wall. Cat. n. 3725. 

Stem slendew, elongate, branches glabrous, sulcate ; petioles slender, in. long. Leaves 
herbaceous. Leaflets 3 by 1| in. acute petiolule often extending J in. Fruit 3 by | in. at the top, 
glabrous. Seeds including the wing 1 in. slightly muricated on the flat faces, yellowish- white, much 
flattened, with several deep triangular spinose teeth at the apex, teeth of 2 lamelise, hetveen which 
the wing is inserted, split in the plain of complanation of the fruit, and the wing springing from these 
narrow splits. Waliich ’s description of the seed of Z. elavigera is incorrect and appears to be takem 
fimn. Z.Aw&ca, which grows in the same locality. 

Flowers November to February. 


Habitat 

Sikkim, ascending to 4,000 ft., J. D. H,, Gamble, G. B. Clarke. Kliasia IVIts., alt, 3,000-4,000 ft., 
H. f. & T. ; Syihet. W^allich. Tenasserim ; Heifer (Kew Distrib. No. 2520). 

Var. ? Hookeri : Seeds without any wdiig. Khasia Mfe. alt. 3-4,800 ft. 

Occiif fence 

Assam ..... Bantong, 4,000 ft., 30th May 1895 Coll. Reporter on Economic Products to 

the Government of India ; Duphla Hills, Akha Hills, January 1890 Coll, 
Dr. King’s collector ; Duphla Hills, January 1890 Coll. Badal Khan ; Gau- 
hati, October 1850 ; Jerria Ghat, 1,000 ft., Khasi Hills, March J 891 Coll. H. 
Collett; Kobo, Abor Expedition, 30th November 1911 Coll. J. H. BurkilL 
Sikkim ..... Rungbee, 3,500 ft., Sikkim Himalaya, 18th February 1876 Coll. Don&'boo. 

Wall. Cat H. B. C. 2725 B, Syihet 3725 A. 

Malay Peninsula . • • Kedah, 500 ft., 26th November 1921* 

3. Alsomitra Pubigera Prain. Journ. As. Soc. Beng. Vol. LXXIII, part 2, p. 292-293, 
Scandent shrub, branches beautifully elongate, branchlets puberiilous sulcate. Leaves with 
short petioles pedate 5 leaflets; leaflets with petioliiles ; petiole scarcely straight l-l in. long; 
petiolule, terminal in. long, lateral ones in. long. Blade membranous, on both surfaces densely 
hairy, li-4 in. long and |-2| in. in breadth, ovate, acute, subobtuse or retuse margin wholly puber 
ous ; base except the middle one partially oblique, membranous, the upper veins densely iiairv 
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and the blade partially puberulous ; panicles with many healthy flowers. Peduncle sulcate densely 
puberulous 2-4 in. long; pedicles puberulous f in. long, bracteoles sulcate. The calyx puberulous 
segments lanceolate, linear acute, corolla glabrous, segments ovate, acute 1 in. long. The fruit 
subcylindrical with dense puberulous hairs from the top to the bottom, slightly attenuate, apex 
truncate, base subacute 2*25 in. long and in. in diameter, seeds subtriagular margin deeply lobed 
at the base, oblique attenuate in. long, *25 in. in breadth and *15 in. in diameter ; winy white 
oblique translucent narrow oblong, apex round *75 in. long, *25 in. in diameter. 

Flowers November to January. 

This very distinct species is most nearly related to A. clavigera, the fruit except for being densely 
puberulous, being very like those of that species. But it differs very markedly in its pedate leaves 
and in its spinulose-rugose seed.s. 

Habitat 

Burma . . . . , Kaeliin Hills, Upper Burma, November 1807 Coll. Shaik Mokim ; Kaehin 

Hills, JOO ft., January 1898 Shaik Mokim. 
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EXPLANATION OF PLATES 

Trkhosanthes dioica Roxb, fig. 1 a fruiting branch X 1/1 ; fig. 2 a male flower X 1/1 ; fig. 3 a fruit. 
X 1/1. ■ . 

Lagenaria vulyans Ser. fig. 1 a flowering branch with female flowers X 1/1 ; fig. 2 a male flower 
X 1/1 ; fig.' 3 dissection of a male flower X | ; fig. 4 a female flower X 1/1 ; fig. 5 a female 

flower calyx and corolla removed, showing ovary with style and stigma X 1/1 ; fig. 6 a stamen 

separated showing the nature and mode of attachment of the anther with the connective X 2 ; 
fig. 7 sinuated anthers x | ; fig. 8 section of ovary showing placentation X 1/1 ; fig. 9 a fruit 
X J. ■ ■ . ■ . 

Benincasa hispida Cogn, Rg, 1 a flowering branch X 1/1; fig. 2 a fruit X 1/6. 

iifomor^iica Spreng. fig. 1 a flowering branch X 1/1; fig. 2 a fruit X | . 

Jfomor(fica cAararjiia Linn. fig. 1 a flowering branch X 1/1 ; fig. 2 a fruit X 1/1. 

Luffa acutangula Roxb. fig. 1 a flowering branch X 1/1 ; fig. 2 dissection of a male flower x 1/1 ; 
fig. 3 a fruit X 1/1. 

Bryonopsis lacmiosa Naud. fig. 1 a flowering branch X 1/1 ; fig. 2 dissection of a female flower X 5 ; 
fig. 3 dissection of a male flower X 5 ; fig. 4 stamens and their attachment X5 ; fig. 5 style and 
stigma X 5; fig. 6 transverse section of ovary X 2. 

Cucumis Melo Linn. fig. 1 a flowering branch X 1/1 ; fig. 2 a female flower X 1/1 ; fig. 3 a male 
flower X 1/1 ; fig. 4 a fruit X 1/3. 

Cucumis sativm Linn. fig. 1 a flowering branch X 1/1 ; fig. 2 dissection of a female flower x 1/1 ; 
fig. 3 a fruit X J ; fig. 4 transverse section of ovary X 1/1. 

Citfullua colocyntMs {IXxiXi), Schrad. fig. 1 a flowering branch X 1/1 ; fig. 2 a female flower x 1/1 ; 
fig. 3 a fruit X 1/1 ; fig. 4 section of a fruit X 1/1. 

Coccinia indica Naud. fig. 1 a flowering branch X 1/1 ; fig. 2 dissection of a female flower -with 3 
staminodes X 1/1 ; fig. 3 stamens X 1/1; fig. 4 longitudinal section of ovary x 1/1; fig. 5 
style and stigma. 

Gucurhita maxima Duchesne fig. 1 a flowering branch x J ; fig. 2 a female flower X J ; fig. 3 a male 
flower X 4 ; fig. 4 a female flower calyx and corolla removed X ; fig. 5 a foliaceous sepal X 1/1; 
fig. 6 stamens and their attachment with a glandular disc X J ; fig. 7 stamens X 1/1 ; fig. 8 trans- 
verse section of ovary showing placentation and glandular ovarian wall x 1/1 ; fig. 9 a fruit 
X 1/6. 




DECOMPOSITION STUDIES WITH DIFFERENT TYPES OF COMPOSTS IN 

THE SOIL* 

By C. N. Acharya, D.Sc. (Lond.), M.Sc., PhD., F.I.C. ; C. Parthasaethy, B.Sc. (Ag.) and C. V. 
SabnIS, M.Sc., Department of Biochemistry, Indian Institute of Science, Bangalore 

(Received for publication on 6 July 1945) 

During the course of potrculture experiments with crops carried out in this laboratory, with a 
view to comparing the manurial behaviour of composts prepared by different methods, it was noticed 
that the degree of crop response was influenced not merely by the C/N ratio of the compost applied, | 

but also by the nature of the waste material used in the preparation of the compost. Thus, for the ’ 

same C/N ratio of the final manure, composts prepared from night-soil and town refuse were found 
to be more effective, per unit of nitrogen, than composts prepared from resistant farm wastes, e.g. 
sugarcane trash. As it was inferred that this difference in crop response must have been primarily ; 

due to the difference in the rate of liberation of available nitrogen in the two cases, it w^as considered i 

advisable to carry out systematic experiments in the laboratory in order to compare the rates of I 

* Work carried out under the Scheme for the “ Preparation" of Compost Manure from Town Refuse and other Waste 
Material ” financed by the Imperial Council of Agricultural Research 
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ainmonilication and nitrification of composts prepared under varying conditions and from different 
types of waste material. 

The experiments were carried out by mixing weighed quantities of the manure with soil and 
incubating the mixture under optimum conditions of moisture and temperature for definite periods of 
time, after which the total carbon and nitrogen as well as ammoniacal and nitrate nitrogen present in 
the sample, were determined. Fuller details of the experimental procedure are given below. 

Mateeials and methods 

The soil used for the present experiments was a red loam obtained from the Experimental Farm 
attached to the Indian Institute of Science, Bangalore, which analysed as follows : 


Tabi.e I 


Analysis of soil used 


Mechanical composition 

Chemical composition 


Per cent 


Per cent 

Coarse sand . 

33-4 

Total carbon . . . • 

O‘o9 

Fine sand- ' ■ 

26-4 

„ nitrogen . . . 

0*058 

Silt . 

7-7 

„ PA • • • • 

0*02 

Clay . . . ... 

26-4 

„ KsO 

* 0*22 

Moisture , . . . . . 

3-84 

„ Lime (CaO) 

0*10 

Loss on ignition . . . . * 

3*19 

Silica (SiO 2 ) 

77*76 

Carbonate . . . . . . 

nil 

Iron and alumina (Fe 203 d'Al 203 ) 

13*75 

pH . . . . . 

6*2 




It would be noted that the soil contains average amounts of carbon and nitrogen for Indian red 
loams, but is poor in phosphoric acid. 

For the decomposition studies, weighed amounts of well-powdered, dry composts were added to 
100 gm. portions of the soil in 250 c.c. wide-necked bottles, mixed thoroughly and incubated at 28°- 
SO'^C., after adjusting the moisture content to about 50 per cent of the water Ixolding capacity, by the 
addition of distilled water. About 18 c.c. of water were required in the present case for each 100 gm. 
portion of soil The loss of moisture during incubation was made up by fresh additions of distilled 
water every alternate day, and the mass was well stirred after each such addition, in order to ensure 
better distribution of moisture and aeration. Care was taken to add just enough water to bring the 
soil to a good tilth and to avoid clogging and anaerobic conditions due to excess of moisture. It was 
found that a visual check to ensure the above condition was more effective than weighing the bottles 
each time. 

At the end of definite periods (2, 4, 8, 12 and 20 weeks) duplicate bottles were removed from the 
incubator and the whole of the contents were carefully scraped out and transferred into wide porcelain 
dishes to diy. The last traces of adhering soil and salts were washed out from the sides of the bottle 
with a small (iiiantity of distilled water. The soil mass in the porcelain dish was dried in an incubator 
keptat 4r> '-r>(rX'. aiul whenclry was taken out and kept im^A^ laboratory for a day in order that 

m2 
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equillibriiim witli the air iniglit be achieved. The air-dry weight of the mass was determined, after 
which it was powdered and a liquots were taken for the determi nation of moisture, organic carbon, total 
nitrogen animoiiiacal nitrogen and nitrate nitrogen. Organ ic carbon wars deterniined by the chromic 
oxidation method of Achaiya [1936], total nitrogen by the Gunning modification of Kjeldahrs method 
[A.O.A.C., 1935], ammoniacal nitrogen and nitrate nitrogen by Olsen’s method [1929]. Changes in 
organic matter are expressed in terms of carbon and all values have been calculated in terms of 
the total quantities present in the experimental samples taken. 

Decomposition OF soil organic matter 

Since in the present studies the decomposition of the organic matter present in the soil is likely 
to be superimposed on the decomposition of added compost material, a set of preliminary ex- 
periments was carried out in order to follow' the coarse of decomposition of the organic matter origina- 
ally present in the soil and to test the influence of factors such as addition of lime or phosphate or 
diluting the soil with sand. Four sets of bottles were run — one set with soil alone without the addi- 
tion of any chemicals ; the second set with soil mixed with 100 gm. of washed quarte sand ; the third 
set with soil mixed wfith 5 gin. of calcium carbonate ; and the fourth set wfith soil mixed wfith 100 gm. 
of sand and 0*5 gm. of potassium phosphate (KgHPO^). The other details relating, to incubation and 
analysis w-ere the same as given in the last paragraph and the results obtained are presented in Table IL 

Table II 


(Jarbon and witrogeu changes in incubated soil 


Matci'ials added 

Incubation 

period 

Total orga- 
nic carbon 
in mg. 

Total 
niti'ogen 
in mg. 

Amuioiiiacal 
Jiitrogen 
in mg. 

Nitrate 
nitrogen 
in mg. 

Total a-vail- 
abloiiitrogen 
in nig. 

I. i0<3 gm. soil without any 

Initial 

590 

58*0 

ml 

0-80 

0*80 

addition of cheinicaJs 

2 weeks 

606 

61*2 

052 

1*20 

■ 1-72 


4 ■ „ 

632 

63-0 

o-so 

1-60 

''2*40' 


8 „ 

624 

64-2 

1-20 

2*40 

3*60 


12 „ 

616 

62*4 

1-00 

3-20 

4-20 


20 „ 

598 

60-2 

0-80 

2-60 

3*40 

IL 100 gm. soil -|-5 gm.;‘ 

Initial 

590 

58-0 

nii 

0-80 

0*80 

oalciuin carbonate 

2 wTeks 

608 

62-2 

0-32 

1-20 

1-52 


4 „ 

644 

6(3-6 

0-60 


3-20 


s „ 

626 

614 

0-80 

3-80 

4-60 



606 

59-6 

O-GO 

3*60 

4*20 


20 „ 

586 

57-2 

0*30 

1-80 i 

2*10 

in. iOO gm. soil +100 gm. 

Initial 

590 

58-0 

}(il 

0*80 ' 

0*80 

sand 

2 weeks 

618 

‘ 624 

0-80 

: i-40 

2*20 


4 „ 

636 

64-8 

140 

2*80 

4*20 


8 „ 

644 

63-1 

1-20 

3-40 

4-(;o 


12 „ 

' 612 

60-8 

I -00 

3*80 

4-80 


20 „ 

602 

59-2 

0-60 

2* 10 

2-70 

IV. 100 gm. soil + 100 gm. 

Initial 

590 

58-0 

nil 

0*80 

080 

sand +0*5 if in. 

2 \veeks 

624 

63*6 

1-40 

1*40 

2-80 

KaHPO^ 

4 

652 

68-4 

.1-80 

2*80 

4*60 


8 ,, 

638 

65-6 

2*00 

3*60 

5*60 


12 ,, 

622 

63-4 

1*60 

4*20 

5-80 


20 „ 

596 

56' 6 

1*00 

2*80 

3*80 
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Carb()n and mtrogen 

On incubating the moist soil at 28 -30'^C. there occurs in tlie first four weeks appreciable fixation 
of carbon and nitrogen from the atmosphere. The fixation is somewhat helped by the addition of lime 
or sand to the soil and is markedly improved by the addition of potassium phosphate. Under opti- 
miiin conditions, the fixation of carbon amounts to about 10 per cent on the initial value and of 
nitrogen to about 18 per cent. The maximum values are generally reached at the end of four w'eeks. 
Similar data have been reported by Basu and Vanikar [1942], 

The simultaneous fixation of carbon and mtrogen is explicable as being due to the rapid develop- 
ment of a nitrogen fixing algal flora in the soil [De, 1939 ; Allison and Hoover, 1935], This algal 
flora is, in the second stage, probably attacked by bacteria, leading to the loss of both carbon and 
nitrogen. 

The complication which this process of natural nitrogen and carbon fixation taking place in soils 
creates in interpreting data obtained on the decomposition of organic manures added to the soil, 
does not appear to have been emphasized by workers in the field. The degree of ambiguity caused 
ill the present case is set out in Table III, wherefrom it would be seen that the quantities of carbon 
and nitrogen added to soil by natural fixation amount to about 40-60 per cent of the quantities nor- 
ma, lly added in the form of compost manure (at the rate of 10 tons of dry manure per acre which is 
equivalent to about 1 gm. of manure per 100 gm. of top soil). 

Table III 


NUrogai aid carbon in soil with and without manure 



Carbon 
in mg. 

Nitrogen 
in mg. 

,1. Or i^onafiy present in i 00 gm. soil 

590 

58 

J L Added iu 1 giii. of dry compost per 100 g.m. of soil represent in g 

10 tons of dry ma;iiiire per acTC 

120 

10 

111, Carbon and nitrogen fixed by 100 gm. of soil without manure 
in four to eight weeks (Table JI) 

40-60 

6-8 

1\'. Available nitrogen (i.e. ammoniacal nitrogen -{-nitrate nitrogen) 
produced in the soil in 8-12 weeks under optimum condi- 
tions (Table 11) j 


4-6 


While studying the carbon and nitrogen changes undergone by compost or other organic manure ' i 

mixed with soil, one therefore meets with two different systems working simultaneously — one being 
th e fixation processes taking place in tJie soil and the other being tlie decomposition processes occurring 
in the added manure. Since these react in opposite directions, the overall balance of total carbon 
and total nitrogen present in the system at any particular stage, would give no measure of the extent ' j 

of decomposition undergone by the added manure. Itis difficult to obtain values for the decomposi- j 

t ion of the manure alone by deducting from the observed values the " control ’ values for the incubated ' 

soil, since there is considerable interaction between the manure added and the fixation taking place ' 

iu the soil.; in other words, the carbon and nitrogen fixing capacity. of the soil is markedly influenced j | 

by addition of organic manure. j j 

Though the total carbon and nitrogen values of the soil-cum-organic manure system do not ; | 

possess, from the scientific standpoint, any definite interpretative value, they possess considerable ; 

bearing on the ' practical ’ side, as indicating the ^ overall ’ result that may be expected to occur ? j 

in the field, when organic manures such as composts are applied to the land. From this point of 
view, it was considered worthwhile to include the total carbon and total nitrogen determinations in 
the experiments reported in this paper. - « ' 

It would be noted from Table II that after the fourth week, both carbon and nitrogen values of 
the incLxl)ated soil show a progressive decrease and at the end of 20 weeks they recede back to the initial .f': 

values. ■■ ■ t' 
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The changes in aminoniacal and nitrate nitrogen of the incubated soil are of the usual recognized 
type. There is an accumulation, of nitrate in the system for a period of 8 to 12 weeks, after which there 
is loss of nitrate, probably in the gaseous form. The total ‘ available ’ nitrogen, including in this 
term both aminoniacal and nitrate nitrogen, reaches a maximum at the end of 12 weeks, after which 
it shows a rapid fall The quantity of ‘ available nitrogen ’ formed is slightly increased by the addi- 
tion of lime or sand to the soil, and is markedly increased by the addition of potassium phosphate. 


Preliminary TRIALS. WITH NITROGENOUS MATEEiALS 

Before undertaking studies relative to the decomposition of composts, it was considered advisable 
to test for the presence of an active microflora in the soil capable of bringing about rapid decomposi- 
tion of added organic materials and nitrification of the ammonia produced. For this purpose, prelimi- 
nary trials were carried out by adding to the soil various nitrogenous organic materials such as activated 
sludge, dried blood, egg albumin, hongay-cake, night soil and cattle dung, and carrying out incuba- 
tion for 4 to 12 weeks. It is unnecessary to present the data so obtained, but they showed the presence 
of an active microflora in the soil, which brought about carbon decomposition, ammonification and 
nitrification. 

Decomposition OF COMPOSTS 

A large number of samples of composts prepared by different methods in connection with the 
work reported elsewhere [Acharya, 1939 and 1940] were nsed in the present decomposition studies, 
but in order to avoid repetition of data obtained for similar types of composts, only such data are 
presented as have a direct bearing on the three important factors referred to at the head of this paper 
as possibly influencing the rate of nitrification of composts, viz. [a) nature of waste material used, 
(6) C/N ratio of the compost, and (c) method of preparation. 

In order to obtain a wide range of necessary samples, three methods of composting were tried, 
viz. (a) aerobic method, with turnings every fortnight for three months ; {b) hot fermentation 
method in trenches [Acharya, 1939 and 1940] ; and (c) plastering the ^ compost mass in trenches 
with mud paste from the beginning, without any subsequent turning, which for convenience of deno- 
mination could be styled ^ anaerobic ^ Method {a) gave products of the narrowest C/N ratios and 
(c) the widest. By applying these three methods to different types of refuse, e.g. (i) night-soil and 
town refuse, (ii) farm refuse containing cattle dung and urine, and (Hi) farm refuse poor in nitrogen, 
e.g. suga:cane trash, it was possible to obtain a series of composts, prepared from different types of 
was' e material, possessing C/N ratios varying from 10 : 1 to 30 : 1. Fuller particulars of the composts 
so prepared are gi^en in Table IV. 

Table IV 

Nature of com^fosts used in the deco 


List Nature of original refuse Method of composting 
No. 


Compost from town refuse 
and night soil 

Do. 

Do. 

Compost from mixed farm 
refuse (leaves, weeds, dung, 
urine, etc.) 

Do. 

Do, 

Compost from sugarcane 
trash 

Do. 

Do. 


ikerobic, in heaps overground 


Hot fermentation in trenches 
Anaerobic, in trenches 
Aerobic, in heaps overground 


Hot fermentation in trenches 
■ Anaerobic, in trenches. 
Aerobic, in heaps overground 


Hot fermentation in trenches 
Anaerobic, in trenches . 


Analysis on 

dry basis 

C/N ratio 

Carbon 

Nitrogen 

per cent 

per cent 


11-45 

1-08 

10-6 

15-62 

1-26 

12-4 

18-81 

M4 

16-5 

9-27 

0-82 

11-3 

13-63 

0-96 

M-2 

17-17 

0-81 

21-2 

9-83 

0-64 

in-8 

11-80 

0-69 

17-1 

17-70 

0-53 

33-4 
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Enough of the manure was added in each case to supply 20 mg. of nitrogen per 100 gm. of soil. 
The results obtained are set out in Table V. 


Table V 

Carbon and nitrogen changes during the decomposition of composts in the soil 


C/N Period of 


ToA\ni refuse -f- 
uigiit soil, com- 
post, aerobic 


Town refuse + 
night soil, -hot 
fermentation 


Town refuse -f 
night soil, anaerobic 


Mixed farm refuse, 
corn post, aerobic 


Mixed farm refuse, 
hot fermenta- 
tion 


Mixed farm refuse, 
anaerobic 


Sugarcane trash 
compost, aerobic 


Initial 
2 weeks 
4 „ 

8 „ 

12 „ 

20 „ 

Initial 
2 weeks 
4 „ 

8 „ 

12 „ 

20 „ 

Initial 
2 weeks 
4 „ 

8 „ 

12 „ 

20 „ 

Initial 
2 weeks 
4, 

8 „ 

12 „ 

20 „ 

Initial 
2 weeks 
4 

8 „ 

12 „ 

20 „ 

Initial 
2 weeks 
4 

8 „ 

12 ,, 

20 „ 

Initial 
2 weeks 
4 „ 

8 „ 

12 „ 
20 „ 


Total 
carbon 
in mg. 

Total 
nitrogen 
in mg. 

Ammonia- 

cal 

nitrogen 
in mg. 

Nitrate 
nitrogen 
in mg. 

Total 
available 
nitrogen 
in mg;. 

802 

78-0 

nil 

■0*80 

0-80 

761 

75-2 

2*24 

1 1-20 

3-24 

744 

73*1 

2*02 

4*46 

6-48 

752 

76*0 

1*40 

9*14 

10-54 

786 

78*4 

1*20 

7*20 

S-40 

772 

76*2 

0*80 

,5*26 

6-06 

838 

78-0 

nil 

0*80 

0-80 

799 

76*2 

1-80 

1*04 

2-84 

766 

74*8 

2*42 

2-76 

5-18 

764 

77*6 

2*02 

7*64 

9-66 

786 

80-2 

1-44 

8-74 

10-18 

798 

82-6 

1*02 

7*58 

8-60 

920 

78*0 

nil 

0*80 

0-80 

896 

77-3 

1*24 

nil 

1-24 

862 

76-7 

2*04 

2-22 

4-26 

841 

78*4 

1*84 

5-78 

7-62 

822 

81*6 

1*26 

7-56 

8-82 

808 

83*4 

0*96 

7-22 

8-18 

816 

78*0 

nil 

0*80 

^ 0*80 

791 

76*6 

1*86 

■ 1-24' 

3*10 

774 

74-2 

2*04 

3-62 

5-68',' 

766 

78*4 

1*80 

6-96 

^ 8*76 

782 

79-2 

1*42 

7-22 

8-64 

794 

80-5 

0*94 

6-46 

7*60 

874 

78*0 

nil 

0*80 

0*80 

841 

77*2 

1*46 

nil 

1-46 

819 

75*4 

1*84 

2*56 

4-40 

801 

79*2 

1*46 

, 5*86 

' ' .7-32 ■' 

796 

81*8 

1*64 

6*24 

7*88 

811 

83*6 

■■ 1*22 ■ 

5*02 

6*24 

1014 

78*0 

nil 

0-80 

0*80 

972 

1 78*6 

nil 

nil 

nil 

933 

80-1 ' 

0*82 

0-26 

1-08 

899 

81-3 

1*24 

1-92 

3-16 

868 1 

82*6 

1*46 

' 3-22 

, 4*68 

831 

84*2 

1*02 

4-68 

5*70 

866 

78-0 

nil ! 

0-80 

' 0-80 

834 

76-2 

1*24 

nil 

1*24 

809 

75-6 

1*68 

1-34 

3*02 

798 

77*4 

1*84 

3-66 

5*50 

789 

78*6 

1*64 

4-88 

6*52 

798 

80*8 

1*24 

5-24 

6*48 
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Table Y — contd. 

Ckirbon and nitrogen changes during the deeomfosition of com/posts in the sodr--c(mtd. 


Mamire 

No. 

Nature of compost 

O/N 

i-atio 

Period of 
incubation 

Total 
carbon 
in ing. 

Total 
nitrogen 
i n ing. 

Ammonia- 

cal 

nitrogen 
in mg. 

Nitrate 
nitrogen 
in rag. 

Total 
available 
nitrogen 
in mg. 

IL 

Sugarcane trash 

17*1 

Initial 

032 

78-0 

lilt 

, 0*80 . 

feso 


compost, hot 


2 weeks 

001 

77*2 

nil " 

nil 

nil 


fermentation 


4 „ 

873 . 

78*2 

, 1*24 

0-68 

1*02 




H „ 

848 

704! 

1*64 

1-88 

3*52 




12 .. 

820 

8 1-4 

'1 »82 

j 3*42 

5*24 




20 ■ „ V 

810 

834) 

■ 1*24 

!, 3*84 

. ,5*08 


Sugarcane trash 


Initial 

1258 

78-0 

nil 

0*80 

0*80 


compost, anaero- 


2 weeks 

1162 

■ 78-2 

nil 

'■ nil 

nil 


bic 


4 „ 

1074 

■■'■■■78*8 i 

nil ■ 

I '■ '■ nil 

nil 




8 ■ 

008 

80*2. 1 

0*86 

\ nil 

0-86 




12 

038 

82*4' > 

1*64 

. 0*80 , ■' 

[ _^_2*4^ 



i 

, 1 

20 „ 

882 

' 84*6 -n 

1 *84*iiii 

■ ■ 



Changes in total carbon 

The figures presented in Table V show that though the initial quantities of carbon present in the 
soil-cum-compost systems A to I varied greatly from 800 to 1260 mg., there w^as a tendency for the 
carbon figures to come down rapidly to a stable level round about 780-800 mg., this level of 780-800 
mg. carbon corresponds to a C/N ratio of about 10 : 1 and is in agreement with the known com- 
parative stability of soil humus which exhibits a similar C/N ratio. 

Changes in total nitrogen 

There is a decrease in total nitrogen in the first few weeks of decomposition, especially in cases 
where the initial C/N ratio of the manure is narrower than 15 : 1 , after which there is a period of 
progressive increase in total nitrogen, due presumabl}^ to fixation from the air. The fixation is in- 
appreciable in cases where the C/N ratio of the compost is near 10 : 1, but it increases markedly as the 
ratio gets wider. Thus, in the case of composts F and I (Table V), whose C/N ratios are wider than 
20 : 1, the final nitrogen content of the soii-cum* com post system at the end of 20 weeks is about 8 per 
cent higher than at the start. 

A comparison of the data presented in Table V against that presented in Table 11 would show that 
the addition of compost of C/N ratio narrower than 15 : 1 delays the start of the natural nitrogen 
fixation processes occurring in the soil by about 4 to 8 weeks. After the above interval, fixation of 
both earlmn and nitrogen from the air start taking place progressively. In cases where composts 
with C/N ratios wider than 15 : 1 are added, the above lag period in nitrogen fixation is considerably 
lessened, but even in such cases, the overall fixation of nitrogen (2 to 4 mg.) is less tlian in the case 
of soil alone (6 to 8 mg. Table 11). The lower fixation in presence of added compost may be due to 
the fact that the nitrogen level of the soil rises from 60 mg. nitrogen per 100 gm. soil to 80 mg. nitrogen 
on the addition of compost ; and at the higher level, the tendency for further nitrogen fixation may 
be lessened. It is also possible that loss of nitrogen may take place from the decomposing compost 
and thus decrease the overall nitrogen fixation figures. 

Changes in available nitrogen 

The data presented in Table V show that the rate of liberation of ' available nitrogen ’ (ammonia- 
cal plus nitrate nitrogen) and the total quantity liberated, vary inversely wifli the O N ratio of tiie 
added material — the narrower the C/N ratio, the greater are the rate and quant it)' ofhnniilable nitrogen 
produced. 
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Comparing the present data with the figiu’es given in Table 11 for soil alone, it would be seen that 
except in the case of composts F and I, which possess C/N ratios wider than 20 : 1, in other cases the 
application of composts has proved beneficial in increasing the quantity of available nitrogen pro- 
. -- duced in the soil. Compost H with a C/N ratio of 17 : 1 is on the marginal line, the quantity of avail- 
able nitrogen proclueecl being almost the same as in the untreated soil. Compost F with a C/N ratio 
of 21.2 shows an initial period of depression of available nitrogen extending over tlie first eight weeks, 
after which the system becomes ' normal ’ and equal to the untreated soil. In the case of compost 
I (C/N ratio, 33.4), the period of depression extends over more than 20 weeks. 

It is evident from the above that composts F, H and I with C/N ratios wider than 15 : 1, would 
not react beneficially on crop growth, but on the other hand, may react harmfully by depressing the 
formation of available nitrogen in the soil, unless a long period of decomposition, extending over four 
to six months, is allowed to elapse before the succeeding crop is put in . 

^ Influence of method of prejyaratmi on the rate of decomposition 

A perusal of the data presented, in Table V would indicate that the method of preparation of 
compost exerts its influence on the rate of decomposition of the niamn-e in the soil, mainly by way of 
controlling the C/N ratio of the compost prepared. Thus the aerobic method, involving several 
turnings given to the material, gives a product of the narrowest C/N ratio, while the hot fermentation 
method gives products of somewhat wider 0/N ratios and the 'anaerobic’ method, as described 
in this paper, gives products of the widest C/N ratios. The nature of the waste material determines 
also to a certain extent the C/N ratio of the compost prepared. Thus, compost G, prepared aerobi- 
cally from a resistant t 3 q)e of waste material such as sugarcane trash, j)ossessed a wider C/N ratio 
(13 : 8) than compost B (12 : 4) prepared from town refuse and night-soil by the hot fermentation 
process. 

. -4 Comparing composts A, B, D, E and G, all of which possess C/N ratios lying within the range 
10 : 1 to 14 : 1, it would be noticed that the total quantity of available nitrogen produced in a period 
of 8 to 12 weeks is maximum in the case of composts A and B prepared from night-soil and town 
refuse. Composts D and E prepared from mixed farm wastes including leaves, weeds, dung and urine, 
give somewhat lower values, whereas compost G, prepared from sugarcane trash, shows the lo^vest 
value. It is noteworthy that though compost G has a C/N ratio (13.8) narrower than that ofE 
(14.2), still it shows a poorer performance than the latter. 

The present data offer an explanation for the better crop response obtained by the writers from 
mght-soil-towm refuse composts in pot culture experiments, as compared to other types of composts, 
even though the C/N ratios were more or less similar in all cases. 




Discussion 


The results presented above would indicate that the two important factors which control the rate 
of release of nitrogen in an available form from compost manure are: (i) the C/N ratio of the 
manure and (ii) the Bature of the original waste material or starter used for compost-making. The 
actual method of preparation of compost exerts only an indirect influence by controlling the G/N 
ratio of the filial product obtam^ 

Of the above two factors, the first one relating to the influence of C/N ratio of a material on the 
rate of liberation of ammoniacal nitrogen has been already examined in detail by workers in the field. 
Eichards aL [Hutchinson and Richards 1921; Rege, 1937; Richards and Norman, 1931] found that 
wdien the nitrogen content exceeded about 1-6 per cent on the dry basis, the material contained 
in general more nitrogen than what was actiiaUy needed for its microbial decomposition and the 
excess was set free in the form of ammonia. Expressing the above results in t3rms of C/N ratio, it may 
be stated, that when the 0/N ratio was narrower than 26 : 1, the material usually liberated a portion 
of its nitrogen in the form of ammonia, when subjected to microbial decomposition. 

The above relationships apply mainly to plant materials which are imfermented to start wdth. 
The present experiments with composts go to show that composts possessing C/N ratios narrower 
than”l5 : 1 tend to liberate ' available nitrogen ’ and thus to mcrease soil fertility, while con}post3 

N 
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possessing wider C/N ratios tend to absorb ' available nitrogen ’ from tlie soil, and thus to decrease 
soil fertility temporarily. To eiisxire a satisfactory rate of release of available nitrogen ’ 

from the very early stages of decomposition, it would be preferable to have the C/N ratio of the com- 
post ' narrower: ' than 12:1.'.^ 

As regai’ds the second factor, vk. the intiuence of the nature of the original waste material or 
starter- used for compost making on the rate of liberation of " available nitrogen ’ from the compost, 
its importance does not s.ppear to have been stressed by previous workers in the field. The general 
view at present is that when plant materials of diverse composition undergo microbial decomposition, 
they yield ultimately a more or less similar type of humified material — a ligno-protein complex, 
with a G/N ratio near 10 : 1 and possessing definite properties [Waksmaii, 1938]. But it is well 
known that th.e final product obtained is not homogeneous, but is a complex mixture consisting in 
the main of two groups of substances, viz. {a) unattacked residues of the original plant materials, and 
(6) synthetic and degradation products of microbial metabolism. ^ 

The quantitative distribution of the nitrogen originally present in the refuse or starter, between 
the above two groups (u) and (6) in the ultimate compost has not received much scientific attention. 

It is suggested by the authors that the variation in the rate of release of available nitrogen Itom com- 
posts possessing similar C/N ratios, noted in the present paper, may be accounted for by the differential 
distribution of nitrogen between the above groups (a) and (6). Thus, in the case of a compost prepared 
from sugarcane trash iincl dimg, it is possible that a large part of the nitrogen present in the compost 
may belong to the group (a)? i^^pi'csenting resistant proteins of the original trash not broken dowm by 
the micro-organisms, wdiereas in the case of composts prepared from night-soil or fiom cattle wuistes 
or from succulant material such as leaves and grass, a good portion of the final nitrogen of the com- 
post may be microbial nitrogen belonging to the group (6). It has been found [Waksman, 1931] 
that microbial nitrogen is readily ammonified and nitrified. 

Further wmrk is being carried out by the authors in order to devise methods for estimating quan- \ 
titatively the two groups (a) and (6) present in different types of compost material and comparing the " ' 
rates of liberation of available nitrogen from them. 


Summary 


1. The course of decomposition of composts, prepared under varying conditions, when added to 
soil has been folio w^ed, wdth special reference to changes in carbon and in ammoniacal, nitra,te and 
total nitrogen. 

2. The influence (3f the follow'ing factors on the course of decomposition has been examined : 

(а) iiiethod of composting— aerobic, hot fermentation and anaerobic ; 

(б) C/N ratio of the compost, and 

(e) nature of the original waste material or starter used in preparing the compost. 

3. A red loam garden soil, used in the present experiments, w^hen incubated without tlxe adejition 
of compost, was found to fix about 6 to 8 mg. nitrogen from the air per 100 gm. soil, corresponding to 
about 10-15 per cent of the initial nitrogen content of the soil. With regard to carbon, there was an 
initial period of fixation from the air, followed by progressive loss in the later stages. 

4. In the soihcum-compost system there generally occurred an initial period of nitrogen loss, 
followed by a longer period of nitrogen fixation from the air. The extent and duration of the initial 


loss of nitrogen w'^as found to be greater, the narrower was the C/N ratio of the added compost. When 
the C/N ratio was wdder than 15 : 1 the loss of nitrogen was negligible ; on the other hand, appreciable 
fixation of nitrogen from, the air occurred. The total quantity of nitrogen fixed by 100 gm. of soil 
w^as, howwer, less in the presence of added compost than in its absence. 

5. When composts of varying O/N ratios were added to the soil, the rate of loss of carbon was 
greater in the case of materials of wider C/N ratios, and in about 20 weeks, a more or less similar carbon"*^ 


level corresponding to a C/N ratio of about 10, was rapidly reached in all cases. 

6, The rate of liberation of ' available nitrogen ’ (ammoniacal plus nitrate nitrogen) in the soil- 


cum-composfc system, depended mainly on two factors, viz, (a) the G/N ratio of the compost added 
—the narrow’-er the C/N ratio, the quicker and greater was the liberation of available nitrogen ; and 


99 


I]' 


JUTE , AND ; CELLULOSE- DEC0MP0SI2JU MICRO'-OBG AOT^MS 


4 


(5) tlie nature of tlie original waste material or starter used in tlie prejiaraJ ion oi: t he compost. Tims, 
composts prepared from night soil and town-refuse or from cattle wastes w ere found to liberate a 
greater proportion of available nitrogen than composts prepared from resistant types of farm wastes, 

‘ such as sugarcane trash, though the C/N ratios of the composts were about tlie same in all the cases. 

7. The method of preparation of coiripost-™~aero])ic,, liot fermentation or a;naeinbic~infliienc€^s 
the rate of liberation of ‘ available nitrogen ’ iiKlirectly by eorjfcrollitig hhe C/N ratio of the manure 
obtained by the method in question., 

,8. It is concluded that for securing a rapid liberation of available nii.roge„n and tlius obtaining , 
increased crop yields, composts should preferably l^e prepared from niixed \mstes, part of which 
should be rich in nitrogen, e.g. night'-soil, urine, cattle-dung, slaughterhouse wastes, etc., otherwise 
special organic or inorganic nitrogenous starters should be added wliile preparing the compost-. The 
iinal CyN ratio of the compost should preferably be narrower than 12 : 1, 
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OBSEEVATIONS ON JUTE AND UELLULOSE-DB COMPOSING I 

-MICBO-ORGANISMS 

; I. THE EFFECT OP THE NUTRIENT MEDIUM ON THE SPORULATION OF CHAETOMIUM I 

i OHARTARVM BERKELEY AND CHAETOMIVM QL0B08EM KUNZE 

I By^ S. N, Basit. Indian Jute Mills Association Besearoh Institute, Calcutta 

I 

I (Received for publication on 20 June 1945) 

During the storage of a cultiuT of Chaetomimn cimrianmi Berkeley which had been isolated from an 
active jierithecial growth on raw jute fibres it was observed that growth and sporulation were markedly 
i affected by the nature of the medium on which successive subcultures were made. Because of the 
' possibility that synthetic media might not be suitable for full cliaracteiistic development of this 
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strong jute-fermenter, the species was transferred from feapek-Dox medium to potato slant. Sub- 
cultures were subsequently continued on this medium and when next examined after some 6 or 7 
subcultures on the potato medium it was suspected that the culture had lost, or nearly lost, its ability 
to produce sexual spores, even when grown on cellulose, although conidia seemed to be produced in ^ 
profusion. This particular species is an important one in relation to jute which seems to be its natural 
habitat and on which it grows very easily with damage to the fibre. It was decided, therefore, to 
study systematically its reproductive properties in relation to the nutrient medium with a view to 
selection of a suitable medium for storage in characteristic conditions. 'Along with this degenerate 
strain (Lab. No. 58), two freshly isolated species were included in the experiments. These were 
Chaetomium cJiartaruni Berkeley (Lab. No. 75) isolated from the same source and subcultured only 
twice on celliilosic media before test and the important cotton-destroying species, Chaetomium globoswm 
Kunze (Lab. No. 79) isolated from an active perithecial growth on brown paper in contact with moist 
soil, subcultured only once, on cellulosic medium before test. V 

Description ot SPECIES 

Short morphological description.s, obtained from examination of the mature first cultures on 
cellulose agar, of the two freshly isolated species are given below. 

Ch, chartanim {Lah. No. 75), Perithecia black to naked eye, deep brown under the microscope j 
with hairs, brown, septate, roughened, incrusted, reticulately branched. Ascospores smooth, ends 
pointed, boat-shaped but quickly distending to roundness at the middle when mounted in lactophenol, 
measuring 5-6’5p X 4-4*5 p when flat. Conidiophores short, pointed, swollen in the middle, usually 
single, bearing a long chain of conidia at the tip. Conidia round, spinulose, dark brown when mature, 
3-25 p in diameter. 

Ch, globostm {Lab. No, 79). Secretes a yellow to brown pigment. Perithecia dark olive green 
and visibly bigger than those of No. 75, brown, with a scaly surface under the microscope, with ' 
hairs, highly coiled, highly inciTisted, unbranched, septated. Ascospores smooth, ends pointed, 
boat-shaped, measuring 9pX7*5p when flat, minimum breadth 3*5p. Conidial colony on Czapek’s 
agar grey green when young, darker when old. Conidiophores shorty, pointed, swollen in the middle, 
bearing a long chain of conidia at the tip. Conidia round or slightly lemon shaped when mature, 
roughened, usually 2-2*5p. 


Experimental 


Pour media were selected as mentioned below. 

1 . Potato slant. 

2. C^apek-Dox agar with cane sugar and K 2 HPO 4 . 

3. Filter Paper partly immersed in an inorganic salt solution of the composition 


NaNO;, . 
K2HPO4 . 
KCl 

MgS047H20 
FeS047H20 
Distilled water 


0*5 gm. 
1*0 gm. 
0*5 gm. 
0*5 gm. 
0*01 gm, 
1000 c.c. 


4. Cellulose agar, prepared by making a 1 per cent suspension of precipitated cellulose (from 
filter paper) in Czapek-Dox agar as in No. 2 but without sugar. 

Several generations were successively subcultured on each of the media in order to follow any 
tendency towards reactivation or degeneration as the case might he and the incubation of any one 
generation was continued until it was evident that no further growth took place. 

Incubation was made at room temperature, the whole test covering a period of one year. It 
was realized that temperature might have a considerable influence on the form of sporulation but 
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more or less consistent results were obtained thus enabling certain broad genenalissations to be put 
forward. The results are given in Table 1 . 


Table I • j 

Sporulation on different media 


Medium , 

Lab. No. 58 

CJi. chartarum Berk., 
degenerate strain 

Lab. No. 75 
fJh. chartarum Berk., 
fresh strain 

Lab. No. 79, 

Ch. globosum I-Cunze, ,,,■ c 

fresh, strain . 

Potato slant 

Only conidia (8 generations) 

Mainly mycelial ; growth 
of perithecia stunted 
and spasmodic (9 genera- 
tions) 

Mainly mycelial ; growth of 

perithecia stunted ' and. , , , 

sp<asmodic (8 generations) ^ 

Czapek’s agar 

Largely eonidial ; develops 
stunted hairless peri- 
tliecia on continued siib- 
culture (7 generations) 

Norma ]>eritheeia. to start 
with; conidia also appear 
on continued subculture 
(7 generations) 

Exclusively and profusely ’ ^ 

grey-green eonidial colony 
(8 generations) 

:;»|3 

Filter paper medium 

Conidia and stunted peri- 
thecia to start with, gra- 
dually giving place to 
big hairless perithecia. 
only on continued sub- 
culture (6 generations) 

Exclusive growth of normal 
perithecia (8 generations) 

'Exclusive growth of. normal . 
perithecia (7 generations) 

Oellnloss agar 

Largely eonidial with verj^ 
few stunted perithecia to 
start with ; on continued 
i subculture perithecia be- 
come fuller with rudi- 
mentary hairs which 
sometimes show signs 
of reticula tion (6 genera- 
tions) 

Exclusively normal peri- 
thecia to start with ; 
conidia also appear on 
continued subculture 

(8 generations) 

Exclusive growth of normal 
perithecia ( 8 genera t ions) 


It was also observed that inoculation with only conidia or ascospores had no effect on the pre- 
ponderance of these two forms of sporulation on the subsequent culture. 

Pure culture experiments designed to estimate the relative cellulose decomposing capacities of 
these species were carried out by inoculating after sterilization, weighed pieces of filter paper just 
immersed in an inorganic salt solution contained in small conical flasks. After incubation at 36'^C. 
for 30 days, the residue -was filtered on a weighed smtered glass crucible, washed, dried, conditioned 
and the crucible weighed. The results are given in Table II, 

Table II 

Relative cellulose — decomposing capacity 


Laboratory No. 


Per cent loss in cellulose 


17 


46 



58 

75 

79 
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Discussion 

From Table I it appears that for Qh. globosum best medium for coaidial growth was Czapek’s 
agar ; for growth of normal perithecia both the filter paper medium and cellulose agar were equally 
good. It has not been possible to get simultaneous development of conidia and perithecia in any of 
the four media through eight generations. 

The cultural behaviour of Ch. charfarum appears to be rather more complicated. Filter paper 
medium will give full peritlieeia, while continued subculture on cellulose agar will give conidia in 
addition. Continued subculture on either Czapek’s agar or potato tends to increase mycelial and 
conidial growth at the expense of sexual spores. Transfer and repeated subculture on some cellulosic 
medium of strains 1 degenerated ’ by successive germination on these media will show^ a gradually 
growing tendency to perithecia formation, but restoration of fully developed peritliecia, if possible, 
is slow. During any such process of restoration the same tendency of cellulose agar to support both 
conidia and perithecia, and of filter paper to support perithecia only is also observed. 

It appears therefore, that these two species of Cliaetomium q>ba\ be preserved in what is known as 
the perfect state on either a strip of filter paper partly immersed in Czapek’s solution without sugar, 
or cellulose agar containing 1 per cent regenerated cellulose. The former has the advantage of being 
easier and quicker to make up, while the latter has the advantages of a solid medium and in the case 
of Ch. chartamm, of producing conidia simultaneously with sexual spores. It is also seen that Czapek’s 
agar and potato (and therefore, probably cane sugar and starch) encourage the formation of the vege- 
tative or imperfect stages. 

It is to be remembered that these conclusions are not in any sense absolute ; different results 
might be obtained at different temperatures and from a larger number of generations. 

The figures in Table II are of interest because they establish quite clearly that the decomposi- 
tion of cellulose and the production of perithecia appear to be closely related, which, in its turn, 
emphasizes the extreme importance of selecting the proper medium for storage purposes— especially, 
because the use of a pure culture of a Chaetommm species (e.g. Ch. glohosmn) is being increasingly 
advocated for testing the microbiological decay of textiles. [A.S.T.M. standards, 1942 ; Greathouse, 
Klemme and Barker, 1942 ; Thom, Humfeld and Holman, 1934]. 

Also, apart from many obvious objections against this method being accepted as a standard, 
it may be mentioned that at least in the special case of jute, Ch. globosum plays little or no part in 
its deterioration. During the course of several years it has never been found growing on jute nor 
has it hitherto been isolated from artificially rotted jute fibres or mildewed jute goods of which numer- 
ous samples have been examined. The contrary ho'wever, is found to be the case with Ch. chm'tanmi 
which has never failed to make an appearance every time jute fibres or materials have been incubated 
over water. If Ch. globosum is native on cotton, Ch. chartarum appears to be its counterpart on jute 
and under the conditions of the particular test described it also appears to dissolve more cellulose 
quantitatively than Ch. globosum. 

Summary 

Chaeiomium chartanmi has been found to be native on jute fibre and also a strong jute-fermenting 
fungus. Along with the well-known cotton destroying species Ghaeto7mum globosum, this species 
has a distinct preference for cellulose as its source of carbon and w^ould otherwise degenerate into 
the imperfect stage from which it is difficult to revive. It is also found that dissolution of cellulose 
is directly dependent on production of perithecia in the case of Ch. chao'tarum. Two cellulose media 
giving vigorous perithecia! growth have been found satisfactory for continued growth and storage of 
these two species. 


Acknowledgements 

The authoy is indebted to the Committee of the Indian Jute ]\Iillft Association Research Institute 
for permission to publish the results described and to Dr W. G. MacMillan for assistance in compiling 
the paper. 


1 ] 


NUTMTIONAL DISEASES OF PLANTS 


103 





llEFEKENCES 


A.S.T.M. (1942). Standards on Textile Materials. 59 

Greathouse, G.A., Klemme, D^E., and Barker, H.D. (1942), Determiriiiig the deterioratiori of cellulose caused by 
fmigl I ndmtr, & 

I horn, C., H-ionteld, H. and Holman, H.F, (1934). Laboratory tests for mildew resistance of outdoor cotton fabrics, 
/Imer. 28, 581-6 



PEEL1MINAB.Y STUDIES OF THE NUTRITIONAL DISEASES OP PLANTS 
AND THEIR SPECTROSCOPIC DIAGNOSIS 

By B. Ramamoorthy and S. Desai, Imperial Agricultural Research Institute, New Delhi 

(Received for publication on 10 June 1944) 

(With Plates XIII-XVI and one text-figure) 

The intensive study of crop nutrition has brought to light numerable deficiency diseases and a 
new science is being built up on the nutritional diseases of crops. Symptomatic diagnosis of deficiency 
diseu^ses is not easy and even when done touches only the fringe of the problem, as the symptoms are 
the result of the disease and not the cause. The same symptoms could, therefore, be produced by a 
variety of unrelated causes, e.g. an excess of one element can cause, by its particular nature, an 
apparent deficiency of another although no such deficiency actually exists in the soil. In other 
circumstances the same agent may cause a variety of symptoms depending upon its intensity. The 
deficiency of minor elements in Indian soils, both real and induced, forms a fruitful subject for investi- 
gation and its importance has been pointed out by Kharegat [1943]. 

The methods of determining mineral deficiencies in crops have been reviewed by Wallace [1943]. 
They are as yet not fully developed and no one method can be relied upon, to give authentic data. 
It is, therefore, necessary to supplement symptomatic diagnosis by other corroborative analytical 
data. The pot culture experiments, including the addition or withholding of some mineral nutrients, 
have been found to be time-consuming and even sometimes misleading. The purely chemical analysis 
of plants and soils, although less time-consuming, would not cover tlie possibility of an unsuspected 
element causing the trouble. This lias lead to the development of spectro-cliemical methods which 
while eleminating this defect have the advantage of speed. The preliminary studies presented in 
this paper have been undertaken for employing the spectro-chemical methods to explain some of the 
peculiarities met with in the crops chiefly at the Institute farm and, to supplement these findings where 
necessary with pot culture experiments. 


Methods oe spectroscopic analysis 



The arc spectra on an Eg (Adam Hilger’s) spectrograph were obtained as follows : A one-gram 
sample of the soil after the usual sampling procedure was treated with 3 c.c. of concentrated nitric 
acid of tested purity in a platinum dish and evaporated on a water bath to a consistency of a thick 
paste. A representative sample from this was put on H. S. copper electrodes and the spectra of the 
samples that were to be compared, containing the characteristic lines of the different elements, were 
taken in juxta-position by means of the Hartman’s diaphragm. By controlling the distance between 
the electrodes, their diameter, the current and voltage and the time of exposure on the photographic 
plate, the visual intensity of the lines in the spectra could be made to correspond with the concentra- 
tion of the elements in the samples. Therefore, there was no need for the quantitative measurements 
of the line intensity in terms of an internal standard for the purpose of this diagnosis. The plant 
materials were also sampled in the usual way, ashed and then treated as the soil sample above. In 
cases where quantitative results were necessary, these were obtained after microphotometry and 
comparison of the unknown was effected with suitable known standards by the method of the internal 
standard of Gerlack aiid Sweitzer [1938]. 
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The photograpliic plate gave more mformation than could be reproduced in the prints. How- 
ever, many of the salient features have been brought out in the prints presented in this paper. Plates 
XIII and X¥ show some enlarged pri^^^ which give an idea as to the clear way the plates look 
under an eye-piece. The characteristic lines for boron at 2497-73 and 2496-78 are very close and 
are shown as iaint lines near about 40-3 on the reference scale at the bottom of which is marked B. 
The strong magnesium line 2796-54 A"" is shown at about 36-0 on the reference scale with the letter Mg. 
marked at the bottom. At another place also (26-2 on the scale) there are fainter magnesium lines 
at 3832-31 and 3838-29 A°. These are more indicative when the first and strong magnesium line is 
too deep to give details of small variations. Immediately to the right of the above mentioned deep 
magnesium line and very close to it near the scale reading of 36-0, there is a faint manganese line at 
2798-27 A° at the bottom, of which is marked Mn. Sometimes another but fainter manganese line is 
also marked at 30-1 much to the left of this line, being the second one to the left of a strong copper 
line. A faint zinc line is sometimes marked at 30-1 and another faint one at 21-4 between the last 
two of the deep triplet lines of copper. At the bottom of these are marked the letter Zn. The iron 
lines between 28*2 and 28*4 on the reference scale refer to those at 3570-10 and 3581*20 A° and carry 
the letter Fe pointing to them. The two strong calcium lines at 25*3 and 25*6 carry the letter Ca, 
while the finer lines at 22*5 and to its left are also marked Ca but lie on extreme right of the first 
set. The potassium lines 3446*72 and 3447*70 between the two deep copper lines at 24*8 and 25*0 
on the reference scale are very close and carry the letter K at the bottom. From a comparison of the 
intensities of these lines in the healthy and diseased portions some of the plant diseases were studied 
and are detailed below crop-wise. 

Tobacco 

In the tobacco fields, in 1943 at the Imperial Agricultural Research Institute, New Delhi, there 
were many plants with the yoimger leaves composing the bud exhibiting a lighter green colour 
compared to their tips. These had a drawn out appearance, while some of them had a one-sided 
distortion or twisting. These symptoms corresponded with the boron deficiency symptoms of tobacco 
described by McMurtray [1938], 

However, an actual boron deficiency in the soil could not be expected as the Delhi soil contained 
4 35 p.p.m. of boron in it. It was, therefore, thought necessary to confirm this symptomatic diagnosis 

m by analysis and also by simulating the conditions of this induced boron deficiency by growing tobacco 
W' in pots under conditions of varied nutrient balance. For this purpose heavy doses of NjP^O^, K 2 O in 
100,50 anti 285 Ib, per acre respectively and their various combinations, each with and without the 
addition of minor elements, were added to the soil in quadruplicate pot experiments with tobacco. 
The minor elements added were a combination of CUSO 4 , zinc acetate, boric acid and manganese 
sulphate at the rate of 2/3 Ib. peracie. Selected seedlings of aclcock obtained by kind courtesy of the 
Impe.rial Econoniic^ Botanist were tj.‘ansplanted early in November, By January definite deficiency 
' symptojus were produced in some of those plants. 

The spectra of the leaf (3A) sluiwing the above-mentim,).ed type of swnptoms (suspected to l>e 
boron deficiency) compared to that of a liealtliy leaf (3) of the same physiological age (3rd leaf from 
the top) are shown on Plate XIII, where the intensity of the lines is proportional to the concentration 
in the sample of the element whose chemical symbol has been marked below that line. They are 
found to show a boron deficiency. These leaves had 38-7 and 65*7 p.p.m. of boron on dry basis. A 
leaf tip injection of 0*005 per cent boric acid was given for 24.hours to a leaf and one of distilled water 
^ to another leaf to serve as control. The boric acid injection restored the colour of the leaf compared 
to the control, which still retained the previous symptoms. The boron deficiency was thus confirmed. 

These symptoms appeared in all the pots treated with K and to a less extent with K+N suggest- 
ing that it was an excess of K which had caused this boron deficiency. This can be explained 01.1 
the basis of an unfavourable Ca/K resulting from this excess of potassium as a close association bet- 
ween Ca and B in the plant has been reported by Warrington [1934]. This is supported by the line 
intensities of the various elements in 3 and 3A on Plate XIIL The spectra of the chlorotic leaf 
containing less boron also shows less Ca and slightly more of K, Mg., Fa., Mn. and P compared to the 





i i 




1.’ Diagnosis 


b P 


^ ote Fe deficiency in lA and B deficiency in 3A compared to 3 wMcIi is healthy. 

beneficial efiPect of Fe injection on one half of lA leaving the 
ot er half as control showing chlorotic and patchy appearance between the 
darker veins. 


2. Cure by injection 
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Note the deficiency of Mn, B & Ca in the lower one (belonging to the unhealthy 
leaves) compared to the top one of each pair of spectra. The differences corres- 
pond with the extent of the disease. Belovr are shown enlargements of portions 
of the above on the negative to show them more clearly. 




^1 NUTUmONAL DISB^ I Oo 

lieaMiy leaf. ^ Table I gives these results quantitatively in terms of the logiirithm of galvanometer 
deflection which is proportional to the concentration of the element in the sample and which bear 
this fact 


Table I 


Analys%s of tobaeeo leaves (vahies in terms of lay, gahanometer de/leetions) 


Defjcri] )t ion of sample 

Mg 

viilue 

Vii 

value 

Iv 

vahie 

valnt* 

Mn 

vaiiH* 

’ 

Ot-rc.eiitage 
Mn on dry 
laisis in 
p.p.in. 

'Percent-agt* 
B on dry 
basis iti 
p.p.nn 

1“ -Fe injected and cured half 
of the lea f mi ti ns mid - 
rif) 


1-895 

T-/>39 

l-3b3 

2-9i)7 

4-35 


lA-Diseased half of the leaf 
minus midrib 

1-947 

1-S7I 

l-(>o2 

1-229 

1-484 

1-3 


3-- Healthy leaf . 

1 -826 

1-95:1 

1-093 

f-soo 

f-()41 


65-7 

3A — Leaf showing symptoms 
of boron deficiency 

1-911 

l-94r 

f-90(5 

1-880 

1-521 

! 


38-7 


Another type of chlorosis was found aflecting tlie young leaves in some of ilie other pots. The 
leaves presented a clear pattern of greener veins on a cldorotic or lighter green back ground corres- 
ponding to McMurtrey\s description of iron deficiency. Tlie spectra of the chlorotic portion lA 
along with, tliat of the healthy leaf 3 is given on Plate XlII which shows an iron deficiency. A 
Roach's [1939] leaf tip injection of 0*05 per cent ferric sulpliate was given for 24 liours to one half of 
the leaf, leaving the other lialf on the other side of the midrib as the strictest possible control which 
received only distilled water injection. This niade the injected portion recover its colour in the 
chlomtict patches between the veins, while the control remained chlorotic as before. The photo of 
these two portions of the leaf witJi their speci ra are shown on Plate XIIL The analytical data in 
terms of the log. of galvanometer deflection which is proportional to the concentration of the elements 
are given in Table I. 

From the differences in, the composition of lA and 3 and 1 and lA, it is seen conspicuously that 
the iron deficiency is accoiiipaiiied by a manganese excess. This excess seems to be the cause of the 
disease as the iron injection which caused the cure lowered the Mn content while a manganese injection 
to a chlorotic leaf only aggravated its condition. • 

These symptoms are the same as those reported by Jacobson and Swanbuck [1929] for Mn toxi- 
city. Partner [1935] cured the disease by the application of phosphatic manures to the soil, Mc- 
Cool [1913] by K and Johnson [1924] by Fe. This literature only indicates how misleading the 
}.)la.nt responses to manures are sometimes in respect of the deficiency diagnosis. It may be that those 
mamircB ha,d only secondary reactions whieli actually corrected the excesses, which in turn were 
respo]isible for a. deficiency. Tims it is possible tluat the same cause namely Mn excess might have 
induced one or more deficiencies aceor<ling to the extent of this excess and the specificity of the crop. 
Here again the limitations of the symptomatic diagnosis are brought to light as it could show only 
the iron deficiency but not the Mn excess which was the cause of this deficiency. Johnson [1924] 
working in Hawaii associated the Fe deficiency with a Mn excess and suggested a theory to account 
for the unavaila1)ility of iron between pH 4-4 and 7*0 in the presence of an excess of MnO .2 in the soil. 
In order to see if the same is the case under study, the of the soils in relation to this chlorisis is 
given in Table II as deiermincMl eleetrometrically by the antimony electrode. 



u 


■■ 



TUB INDIAN JOURNAL OP ADRlCtuLTURAL SCIBNCl 


Table II 


Soil in relation to manganese induced iron deficiency 





Pot No. 

Treatment 

of the soil by 
antimony electrode 

Occurrence of the disease 

101 

.K'-l-F 

7-98 


103 

K-fP i 

8'02 

— , 

102 

K-fP-fm 

, ‘7*46 


104 

K-fP-f-m 

7-63.. 


105 

: N-fP+K 


'■ -i-, 

107 

N+P-fK 

7*79 

1 , ' : , , ' -f (Slightly) 

106 

N-f-P-f-K+in 

7-29 


103 

N+P-fK+m 

7*36 


109 

N-fP+K 

7-9S 


111 

N-fP-fK 

7*67 


110 

:N-fP-fK+in 

, 7*71 ; 

■ ..L \ 

112 

N-f-P-f-K+ni 

7-36 



Although definite pH limits from 7’5 to 7-8 are suggested for this disease from Table II, they 
are much higher than the limits found by Johnson [1924] and therefore require a different explana- 
tion. From this Table, it is found that as a result of the iron injection, almost all the positi ve ions 
excepting Ca are lowered by the entry of iron which seems to suggest a simple ionic mass antagonism. 
On this basis the Fe deficiency seems to have been caused by the excess by simple ionic exchanges. 

Wheat 

la some of the manurial experimental plots of the Institute, good and bad patches of considerable 
magnitude were observed. Fig, 1 obtained by kind courtesy of Mr R. D. Bose shows the nature of 
the stand of the crop in the different plots. This disease affected jowar and wheat and showed a 
consistency in the location of the patches indicating a relation to the soil at those places. The 
symptoms of the disease were very stunted growth and chlorotic spots or streaks which ranged in 
colour from white, whitish yellow to yellowish green. Sometimes there were lesions which in extreme 
case coalesced and the leaf was bent down at those places. The earheads, when they emerged, w^ere 
found to be stuck up to the stems at the top. Table III gives the values of fresh weights of 20 flag 
leaves of wheat grown with different kinds and doses of nitrogenous manures from some of the 
patches, their ash, loss on ignition and nitrogen content, which shows that the diseased plants absorbed 
more mineral matter than they could convert into organic forms or probably that their carbohydrate 
and protein metabolism had been interfered with. 
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-Pig. i. Patchy appearance ol the plots. The numbers 
indicate the nature of crop stand as percentage of 
normal stand as on 6-1-1944. 
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Table III 


Wheal flots 19i3’1944 


Soil , 

Plot No. . 

Natriro of tin; 
patcli 

Fresh wt. in 
gm. of 20 flag 
leaves 

Loss on ignition 
(percentage on 
dry basis) 

Percentage ash 
on dry basis 

Percentage of N 
on dry basis 


Good 

8'25- 

85*7 ■ 

14*3 



Bad 

:i2 

84-0 

16*0 


42 

Good 

0-65 

87*2 

12*8 

3-06 


Bad 

8 '25 

I 84-0 

I6-0 

2'70 

, 45 ■ 

Good 

■' 7-A 

! 00-9 

9-10 

3-72 


Bad 

l-S 

' 86-2 

, 13-8 

3-22 

44 ' 

Good 

5*7 . 

90-0 

IG-O 

3-99 


Bad 

:i8 

8G’l 

13-9 1 

3'59 

54 ' 

Good 

6*2 

87-4 

12-6 

3*00 


Bad 

3-6S 

85-7 

14*3 

2*94 


Tliese symptoms do iiot correspoud ’with aay of the recorded, deficiexicy symptoms although 
they have some features of the Mn deficiency. Such a difficulty A\ith the syin^^^^ diagnosis 

has heeix recognized by Wallace [1943]. So composite samples of f!.ag leaves \cere taken from both 
the good and bad patches and the foliar diagnosis was made spectrochenii(3ally. Plate XIV contains 
the spectra of these samjdes. The intensities and therefore the pcrccjitagcs of Mil and B of the lines 
were consistently lower for the samplers from the bad patches w the relation for P, Mg and Fe 
was irregular. Only Ca temded to be low and K to be higher in the diseased plants. Tliat both Mn 
and B showed a deficiency lias the parallel in tha French experience quoted by Dennis [1937] that a 
soil showed a B deficiency for beet and a Mn deficiency for oats. In the case of these sa.mples the Mn 
lines seem to follow the order of diflerences between the good and bad patches. In the pilots shoving 
smallest difference in the Mn line (i.e> Plot No, 48) there wras also not much diflbreiice in the plant 
height in those patches. This diagnosis reveals the similarity of this with the grey speck disease 
caused by a deficiency of nmnganese studied by Hudig [1911] and Samuel and Piper [1928]. This 
is supported by the pH values of these soils (Table IV) which are all alkaline, the bad patches geneL?lIy 
showing slightly higher pH. The cause of this cUsease, its mechanism and cure arc under investi- 
gation. 

'Table IV .-y 

pH of the good and bad patches of wheat soils by the antimony electrode and the clay content by Puri s 

method 


Plot No. 


Nature of patch 

value 

Percentage of the clay 

6 


Gh)od i 

8*02 

(b99 



Bad 

8-09 

' 7-09 

42 


Good 

8-0 

5*79 



Bad 

8-Gi 

■ ■ 6-33'-,'. 

45 


Good 

8-09 ^ 

6- 73' 



Bad 

8-18 

'' ()-6T ■ 

44 


Good 

7*79 

6-73 



Bad 

8-09 

..6d)G. 

54 


Good 

8-21 




Bad 

8-17 


48 


Good 

8-09 




Bad 

8*14 
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In these spectra G refers to the good & B to the bad soil samples. The 
minor element deficiency shown by the plants are however not shown by 
their soils but there is an indication of a E excess in the bad samples which 
is responsible for the minor element deficiencies in the plant. 
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riie speotni ol tlie coi’respoiidijig sen Is are given in Plate XV wliicli show slightly iiiore of K and 
probably Ca iu the bad patciies. The clay contents (Table IV) are also tending to be higher along 
with the pH, wluch may ijidicate the direction oJ: the water inovenients which seem to have a bearing 
on the cause ot this disturbance in the soil. But Mn and B in the soil (Plate XV) do not show the 
difference they have shown in the plants (Plate XIV). Therefore it is not the total manganese con- 
tent of the soil but only the available portion wdiich is effective ; this was also the case in the grey 
speck disease studied by Gerretsen [1937] that is responsible for this disease. The fact that the soil 
from tlie bad patches is a bit more alkaline containing more of K with a similar increase in the K 
content of the coiTesponding plants points to mechanism of the unavailability of Mn as also to the 
possibility of curing the disease by proper cultural practices alone. Some of the analytical data on 
the boron and manganese content of these plants and soils are given in Table V. 

Table V 


Analysis of wheat patcim 


j 

Plot No. 

Nature of the 

Mn in p.p.m. 

B in p.p.m. in 

Mn in p.p.m. in 

B in p.p.m. in 

patcli 

in plant ash 

plant ash 

the soil 

the soil 

' 0 ' 

(hjod 

42-7 

32-7 

4-1 

17-2 


Bad 

34-7 

20-0 

.■ 7*4 

30-9 

42 

(rood 

52*7 

15-31 

12-0 

24-6 


Bad 

.16-4 

13-8 

43-2 i 

14-3 

45 i 

(4ood 

74*1 

51-3 

70-0 i 

4-79 


Bad 

27*5 

! 10*0 

164-8 

13-5 

■ -U'': 

(rood. 

171-8 

i 59-6 

10-0 

7-08 


Bad 

80*4 

1 19-9 

6-9 

100-0 

54 

Good 

102-3 

1 36-3 

41-7 

3*89 


Bad 

25-7 

35-5 

26*9 

2-14 

48 

Good 

35-1 

112-00 


42-7 


Bad 

37-1 

16-8 

38-0 

8*9 


. Babley 

In the case of this cj’op the symptoJiis and nature of the disease were more or less similar to those 
described under wheat except that the spots were more frequently purplish browm which followed 
the higher iron content of the diseased leaves as shown in the spectra on Plato XVI. In this crop 
also the plants from the bad patches showed a deffciency in Mn, B and slightly in Ca and their soils 
(Plate XV) showed an increase in K and Fe bringing out the complete similarity of the disorder in 
both the crops. The results are given in Table VI. 


Table VI 

Analysis of badey patches 


Plot No. 

Natnre of patcli 




Ml 

) in p.p.m. in 
plant ash 

B in p.p.m 
plant ash 

1 

Good (highly differentiated) 





70-8 

43-7 


Bad ‘ „ . 



■ . 


38-9 

237 

2 

Good (slightly differentiated) ■ . 





68-0 

27*5 


Bad 





70-0 

15-3 

3 

Good {inodcratelv differentiated) 





57-6 

21*6 


Bad 





38-9 

20-6 
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Citrus (orange) 

; Tlie Director of Agriculture, Assam, aud the Imperial Mycologist reported a common ' yellowing 

disease ’ of citrus in tJiat province which manifested itself sometimes as a mottling of yellow on the 
green leaf, sometimes as a simple chlorosis and finally yellow colouration of the entire leaf. This 
J disease was expected to be a zinc deficiency from the symptoms but experiments for its cure with 

* zinc were not successful. The samples were sent to us through the Imperial Mycologist. On Plate 

XVI are the Bpectra of the samples of leaves. Nos. 7 and 8 belong to healthy trees from a healthy 
<ni.d I iu affected plantation. Nos. 1 and 2 are from a plantation which was susceptible to this disease, 
the foi'iner taken from the liealthy and the latter from the unhealthy trees of that area. An excess 
, of and a dehciency of Mg could be found in spectra of the plant ash. The examination of their 

I soils specfroscopicall}'" showed a similar iron excess in the aftected area of the soil. This appears, 

therefore, to be an iron induced magnesium deficiency and points to the desirability of an application 
of Mg which is capable of suppressing the iron intake of the plant by virtue of its ionic reactions. 
This is in conformity with the American experience of the association of Mg with Zii deficienoy [Khare- 
gat 194 :]. The other effects of this disorder are a low nitrogen absorption in the affected plant 
as shown by their nitrogen contents. 

^ I Betelnut 

, i Many plantations in the Bombay Presidency have a disease locally called ‘ band ' which was 

causing great damage to the betelnut trees. There was an untimely fall of the leaves which assumed 
a chlorotic appearance with sometimes the setting of ‘ crowns ’ or ‘ rosettes ’ and the diseased por- 
1 1 tions did not bear fruit. The samples from some of those gardens were sent to us for analysis by Mr 

N. V, Joshi. The spectra of the unhealthy soils showed a zinc deficiency while the corresponding 
1 ;) leaf showed a manganese excess. One enlarged spectrum of a pair of healthy and diseased soils is 

| shown at the bottom of Plate XVI. Hence a zinc deficiency, probably manganese induced, could 

; j be suggested. Subsequently zinc was applied by Mr Joshi and was found to have a stimulating or 

j ;! a corrective influence, while the addition of manganese only aggravated the trouble. 



Discussion 

In all the cases studied here, there was an invariable association of these deficiencies with an 
excess of another element, which appears to be the more common way in which these elements are 
rendered deficient in India. Although there may not be any actual deficiencies in the soils, these 
were presumably caused by an upset of the nutrient balance in the soil. This is shown by the ionic 
relations bet-ween iron and manganese, where the excess of the latter caused the deficiency in the 
former while an iron injection into the diseased plant reversed this process in tobacco. A similar 
mechanism has been suggested by Lundegardh [1934] for the cause of the grey speck diseases in 
oats and is probably the more common way these deficiencies are established in soils. A suitable 
remedy could be devised only by knowing the deficiency as well as its cause. As for example zinc 
deficiency symptoms could not be corrected unless a causative copper deficiency was first corrected 
[Camp, Chapman, Bahrt and Parker, 1941]. Similar is the case when the deficiency is caused by 
the excess of another element. The spectrochemical analysis of soils and plants give an insight 
both into the deficiency and tJie causative excess if any, while the symptomatic diagnosis at best 
gives only one. The symptomatic diagnosis is very intricate because different symptoms develo]) 
for the same deficiency depending on the nature and extent of the causative excess [Bahrt 1941]; 
imd different deficiencies may also be caused by one and the same caiue, e.g. exceKSs of lime, etc. The 
manurial trials by tliemsel^Ts are only empirical and their success may only be indirect and temporary 
iis they give no clue to the understanding of the. cause of the troubles. This is because any of the 
several manures may affect a temporary remedy by their side reaction with the element in excess, 
and therefore may appear in the first instance to have corrected the deficiency. In all these cases the 
analytical method has to be used but this suffers from the drawback that it cannot be handled by 
the lay farmer. 
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Summary 

L Some minor element deficiency diseases of tobacco, wheat, barley, citrus and betelniit oeciir- 
ring in India are recorded. 

2. In all these cases, the deficiencies were found to be associated with an excess of some other 
element. Depending on the extent of this excess, deficiencies of some or more elements occurred 
giving a wide range of deficiency symptoms. This provides the reason for the failure to affect a cure 
by the consideration of symptoms alone. 

3. It was found that the spectrochemical analysis of the affected soils ami plaiits in comparison 
with their liealthy counterparts provided an insight into both tlie elemerU in excess and the secondary 
deficiencies, 

4. The spectrochemical diagnosis could be successfully used for coiTecting these diseases. 
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PLANT QUARANTINE NOTIFICATIONS 

SoUas No. 4 of 1946 

The following quarantine regulations have been received in the Iinperial Council of Agricultural 
Eesearch. Those interested are advised to apply to the Secretary, Imperial Council of iigri cultural 
Research, New Delhi, 

1. Seiwice and Regulatoiy Announceinents — OiJnber- Decern be 

2. Service and Regulatory AniM^uneeinents — (Ictober-Deceniber 1942 

3. Service and Regulatory iyuiouncernents — Januiny-Marcli 194rr 

Regarding Foreign Quarantine froin the I'nited Stales llepart rrunit of Agrici^ 

Notification No. F. 15‘Jj45-A, dated the 12th November 1045, qf the t /overnmeal qf India in the 

Department of AgrmdtMre^ 

In exercise of the powers conferred by sub-section (I) of Section 3 of tlie DeHtructive Insects and 
Pests Act 1914 (II of 1914), the Central Government is pleased to direct that the following amend- 
ment shall be made in the notification of the Government of India in the Department of Agriculture 
No. F. 16-1/45-A, dated the 25th September 1945, relating to the import of apples, pears an<l cjuirices 
from Afghanistan namely : 

In the said notification after the word ‘ prohibit ' the following shall be inserted, namely ; ‘ with 
effect from the 1st January 1946’. 

Notification No. F. 15-1 145- A, dated the 12th November 1945, of the Govermnent of India in the Depart- 
ment of AgficiMure. 

In exercise of the powers conferred by Section 4A of the Destructive Insects and Pests Act, 
1914 (II of 1914), the Central Government is pleased to direct that the following amendment shall 
be made in the notification of the Government of India in the Department of Agriculture No. P. 15-1/ 
45-A, dated the 25th September 1945, relating to the export of apples, pears and quinces from British 
Baluchistan namely : 

In the said notification after the word u prohibit ’ the fbriowing shall be inserted, namely: 

^ with effect from the 1st January 1946 


ccH rc*-At j urn— 600. 
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ORIGINAL ARTICLES 

GROWTH BTIIDIES 01^ SACCHARV 31 OFFICINAHUM 

I. VARIETAL SERIES 

By P. C. Raheja, Sugarcane Researcli Sclieme, N,W.F. Proviuee 
(Received for publication on 15 November 1944) 

(With one text-figure) 

I N breeding and selection of varieties it is of utmost importance to speed U]) tlie process of selectioii (of 
an attempted cross at a breeding station) from the stage of a cane seedling to the fiaal stage when 
it bepom^s an approved variety fit for distribution to the cane growers. The plant breeders and 
agronomists are, therefore, now more and more on the look-out for methods that would rapidly 
facilitate quick selection of varieties. Methods that a few years ago were rjf fundamental physio- 
logical interest have been simplified and modified to suit field environment. Aritlimetical procedure 
to use the physiological data have been reduced to analyseable form. Thus old empirical observa- 
tional system is rapidly being replaced by newer perfected tests to yield elaborate and accurate 
information of value regarding the performance of seedlings. Growth in length is one of the important 
physiological characters of varieties which is interpretable mathematically and which yields informa- 
tion of value for selection of varieties in quick progress. In the paper tliis aspect has been studied 
in some detail in the varietal trials. 

Histohical 

Blackman [1919] enunciated that the rate of growth in plants in general may be eivpressed 
according to the compound interest law except. He further elaborated on the subject and estab- 
lished the importance of r as a measure of the relative growth rate even in such cases where growth 
had not strictly followed the exponential law. He defined r as the rate or an index of efficiency of 
the plant as a producer of new material. On the subject considerable criticism was advanced by 
Kidd, West and Briggs [1920] who had already done work on the problem in some detail. Review- 
ing these objections Fisher [1921] mathematically showed that the correct measure for the value of 
relative growth rate over long or short periods was that advocated by Blackman under the concept 
of efficiency index. He asserted that growth at various stages or time intervals and consequently 
relative growth rate under the influence of any treatment can best be studied by the logistic or ex- 
ponential equation. Rather he opined that all biological developments are controlled according 
to the compound interest law, and hence can work quite satisfactorily to determine the 

rate of growth and initial potential or development. This authoritative view left little ground for 
further controversy on the subject and it simultaneously led the scientists to use the exponential 
law for determining the rate of growth of crops. 

In studying the development in Musa camndishii, Lambert variety of Banana, Summerville 
[1944] examined data on the efficiency of growth of the leaves and observed that the average efficiency 
index, i.e, r, was virtually constant for all the plants, which seemingly was conferred by virtue of the 
genetical constitution. The constancy of r was brought about by the fact that, normally the final 
area increased as t increased. He further confirmed the findings of Gregory [1928] that ' The total 
growth is not the function of temperature and other external factors,’ but is, as stated above, con- 
ferred by the' genetical constitution of the plant. 

Koenigs [1922] from measurements of cane at regular intervals showed that the growth of cane 
is symptomatic of logistic curve and is considerably influenced by temperature and other environ- 
mental factors, Ashby [1930, 1932] employed the results of growth rate for working out the hybrid 
vigour and the inheritance of efficiency index in maisje. Heath [1932] fitted curves of exponential 
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I types from tlie growth measurement data of some of the South African varieties of cotton and observ- 

I ed that a iarge value of A in the formula showed high initial potential of growth of the 

varieties. This was confirmed by Afzal and Iyer [1934] from statistical analysis of exponential 
height growth curves of four varieties of cotton— 4F, 289F, Early Strain and Mollisoni. Purtlier 
comparison of values indicated that the Punjab American varieties compared favourably in their 
rate of growth with the South African varieties studied by Heath. Amongst themselves Punjab 
American varieties had a lesser growth rate than Mollisoni. Besides, they observed a high coefficient 
of correlation between the relative growth rate and the mean daily growth rate of the varieties for 
the whole period of study. Willcox [1930, 1938] suggests that by determining the point of inflection, 
of the curve it is possible to state the period of application of readily available plant food that may 
be effective in increasing the yield of the crop. From the growth values he also suggests a procedure 
of determining the mammal requirements of the crop for a particular soil type. 

Observational growth, data have been successfully utilized by various workers for different 
purposes. Barber [1918] calculated cane module values of Saretha and Sunnabile groups for two 
years and showed that the Saretha group values w^ere higher than the values of the Sunnabile group s# 
of canes. Again the curves, showing the average length of successive joints from the base to the 
apex in the Saretha and Sunnabile groups, were two distinct types. The former group of canes 
developed more rapidly than the latter in all their parts. Barber [1919] also (i) reported on the 
effect of locality on the growth of indigenous canes, (ii) characters of cane growth in different places, 

(iii) the effect of season on the length of cane joints and (iv) the periodicity in the length of the joints. 

} ? From these studies he concluded that ' not only had each variety a definite 

I growth character of its own but that each locality and soil had the power of modifying this. So 

j that the growth in each place was the resultant of the inherent characteristic of the type and the 

external enviromnent to which it is subjected.’ The measurements of the various characters were 
? jnade at harvest and the conclusions drawn were purely from the curves and the averages of the 

iiy 1 such tabulated data. Using Venkatrarnan’s data he [Barber, 1919] drew some important inferences 

- ' on tillering phase of the growth of the crop, namely, (a) the main shoot was thinner and less develop- 

■ ed than its branches, (6) the different varieties varied greatly in the maturing of canes, (c) the 

i j I branching in the various groups from the wild Saec/iarum spontaneum to the thick tropical canes 

' II I i was of the same nature hut of a different degree and (d) average thickness of canes in a group varied 

Uj j inversely with the rate of tillering. Agee [1930] by illustrating the growth made in each of the month 

1 1 of the growth cycle mathematically showed the importance of summer-time and winter-time and 

' -'A-i ,, thus tried to assess / the relative growing time value of each month in the year Vfor increasing pro- 

duction of sugar. Das [1933] further elaborated the idea and attempted to determine the produc- 
tion of sugar in terms of temperature or as he termed them ' day, degrees But one of the most 
important use to which the growth in length data have been put is the determination of the wilting 
coefficient of soil. Shaw and Sweezy [1937] have reported dlie comprehensive field investigations 
carried out on irrigation requirements in Hawaii, which have for their basis the determination of soil ^ 
moisture at the critical limit of water for plant growth. They described the use of ' long period 
curves of growth ’ in maintaining cane growth without cessation and the indications of the total 
potential cane lost during the periods when soil moisture fell below the wilting coefficient of the soil. 

By this procedure, which is now a routine practice at all the plantation estates of the Hawaiian^^^^^ 
Islands, great economy in the use of water has been effected. 

Material AND METHODS 

Growth in lengtJL The procedure of selecting shoots, technique of growth measurement, post- 
ing of growth measurement data and dissection of stools have already been described by the author 
[1944] in another connection, wherein a part of the co-ordinated study conducted to evaluate growth 
characters of varieties and determination of the irrigation requirements of varieties and the inftuenee 
of different irrigation intervals on the juice quality and yield of cane at harvest have been reported. 

Ten mother shoots were selected at randonij two in each row of the net experimental plot, and growth 
measurements, taken at regular intervals, were recorded over the entire life cycle of the crop. 
results were so tabulated as to obtain cumulative growth in length curves and exponential height 
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growth curves, for working out the growth constants, i.e. initial rapidity of growth values (A. constant}, 
efiiciency indices of plant growth, mean daily growth , rate, etc. 

Underground branching. Barber [1919] has described in detail the . prcKaKlure of study of under- 
ground branching in canes. His procedure was adopted for varietal stialies in the two triais conduct- 
ed in the year 1941-1942. Ten clumps, for each of the varieties, were exainined at harvest. 

These clumps had been under close study from the early time of tlieir germination when 
they had been tagged. As shoots appeared they were serially numbered and deaths if any occur- 
ring were recorded at regular intervals. So that at the time of dissection the ciuiiip coukl be 
separately analysed for (a) cane forming shoots, which we have termed as mature shoots, (6) shoots 
not cane forming, named as immature shoots, (c) healthy shoots, that is those stalks which were 
unaffected by borers, white ants, etc. at anj^ stage of their life and (rZ) diseased shoots which had 
been affected at some stage or the other by insects, diseases and other physiological causes. Of 
these healthy and diseased shoots both immature and mature shoots come under these siib-heads 
so that interactions could be worked out amongst varieties and any other of the above sub- 
groups. 

The studies were very laborious and required dissection of the stools by the author himself ; 
these, therefore, could not be repeated during the following season, when analysis of the data were 
carried out. 

Millahle cane characters. Each of the mature canes, from the various clumps, dissected for 
analysis, was weighed, its total length recorded and its girth at three mid-joints, i.e. top, middle and 
bottom joints was noted. Instead of the radial and medial thickness of joints as had been recorded 
by Barber [1915] girth measurements gave better values for the mean thickness of the joints. Ratios 
between mean total length of the canes and their mean thickness of joints we^re worked out and have 
been noted as cane module values, -For instance in one case the cane module value ■was worked out 
as follows 

Mean cane length=188*52t51*18 cm. 

Mean cane girth~6‘9±0*87 cm. 

Therefore, mean thickness==6*9x 7/22=2*196 cm. 

Hence, cane module=188*5/2*196=85*9 or 86. 

The figure 86 represents, in round numbers, the cane module value of the variety of which the 
results are given above and is in the nature of an index used by Barber [1918] to indicate group 
differences in the Indian canes of Simnahile and Saretha groups. We have, however, recorded all 
these data with a view to differentiate millable ‘cane characters amongst the varieties. 

Procedure of analysis of the experimental data 

Fitting oj growth curves mid testing sigwifimnee, Blackman and others working vrith dry weigids 
of plants have used the compound interest concept j whereas we liave to deal witli. growth in length 
data so that according to Heath [1932] the formula to be used l)ecomes 

//= 

where, A is the length attained by an mitial tnne, // is the final length attained, 6 is the rate 
or an index of ' efiiciency of the plajit as a producer of new material t is tlie time and e is the 
base of natural logarithm. AVhth seed plants the original point indicated is the embryo -weight. 
But with sugar cane where setts are planted no such well defined point is apparent. Therefore, the 
initial point in most cases was taken soon after the germination of the crop was completed. In a 
few cases the initial point was taken much later in wdew of unavoidable circumstances vliich neces- 
sitated postponing the studies for a time. For cojn para tive results in the sjxme year, as had been 
shown by Summerville [1944], it did not matter. 

Correlation of growth A and b values. Correlation coefficient was determined between the 
inherent growth factor A and the ultimate yield of the varieties on the otxe hand and between the 
relative growth rates (6 values) of the varieties and their mean sugar contents during the crushing 
season on the other and for doing so there is some justification, for the deductions olxfcained from 
the correlations have a sound physiological interpretation of the data. This has, however, been 
discussed in a later part of the text. 
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Mean claiiy groii)tli Tlie average daily growth rates of the varieties were worked out by 
the formula log e H^—loge where ffg is the final heightj is the initial height and fi' is the 

number of days from to [Afzal and Iyer, 1934]. The average daily growth rates of different 
varieties in the various trials were worked out for comparison against the efficiency index values 
(relative grovth rates) of the varieties. The values of the coefficient of correlation between mean 
daily growth rates and the relative efficiency indices were also worked out* 


Evaluation OF the parameters and their relationship to. the, varietal perform ance 

Physiological ex^yeriment—^ series. The work was begun in the year 1940 on a trial 

consisting of varieties Co290, Go281, Co331, Co205 and Co432. It was in the nature of a physiological 
experiment with widely divergent varietal material. These varieties were planted in four randomized 
blocks on a loam soil. During germination and up to the middle of April, the field was irrigated 
at ten days intervals. Later on irrigations were applied when the soil attained critical moisture 
limit for active cane growth of the crop. The interval was determined by the approach of the wilt- 
ing coefficient of the soil within the first six inches of the soil which was noticed to cause a setback 
in the active cane growth of the crop. 

Cumulative growth in length. The results of the cumulative growth in length of the varieties 
have been shown in Fig. 1. All the varieties had normal form of the sigmoid curves and had almost 
equal stand till about the 95th day after planting when differences in growth amongst the varieties 
began to manifest themselves more apparently. The point of inflection in the boom stage was noticed 
on I30th day. The grand growth period extended up to 180th day. The active growth was main- 
tained for another month. From 210th day the curve of growth tended to run parallel to ordinate. 
Individually CoSST maintained somewhat higher rate of growth up to 195th day when the curve of 
absolute growth of Co290 outstripped it. Varieties Co205 and Co432 behaved identically. The 
former generally had a slightly higher rate of growth than the latter. The growth curve of Go281 
was distinctly different from rest of the varieties. It occupied a mid-position up to 125th day when 
a lag in it began to appear. At harvest it had the lowest stand. 

Exponential height growth curves. The calculated exponential height growth curves of the 
varieties are given in Table I below. 


Table I 

Exponential growth curves 


Variety 

Number of 
observations 

Equation /i==*x4e 

8.E. of: .'5 ■ 

Mean 
yield 
per acre 
in ind. 

Mean 
sucrose 
content juice 
(p(u*centai/e) 

Co205 

55 

0-0IG77t 

H=2-179e 

0*000780 

■■■■'637 ; 

11-22 

Co281 

55 

0'U17s:;ib 

H=3-5S9e 

0*000947 

'■,■'384 ;■■'■ 

l" ■ 18*30 ■":■■■;■ 

Co290 

55 

0*01 79Ub 
H=A137e 

0*001029 

5'24:V''\ 

,':''ii*40 ■,'■■ 

Co432 

■ ■ 55 

0-0l504fc 

H=4*481e 

0-001218 

■:■ .TOO ^ 

■ ' 8*44 ,, 

Co331 

^ ■ 55 ■■ 

0*01652t 

H-=4%575e 

' 0‘001015 

' 784 . ; 

10*76 


The two parameters estimated are fairly clearly shown in the exponential height growth curves. 
The statistical comparison of h values showed that the efficiency index values of variety Go281, in 
order, was significantly greater than Go432, Co331 and Go205 at five per cent level of significance 
and that of Co290 at 10 per cent level of significance. Viswa Nath [1919] had shown that side by 
side with the elongation of the cane stem there occurs an . accumulation of sugar in the cane joints. 
Physiological^, therefore, the relative growth rate should correspond to the sucrose content in the 
cane. The value of the coefficient of correlation between the efficiency indices of the varieties and 
their mean sucrose performance during the crushing season was, therefore, worked out. The value 
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4-0*97 (>P=0*pi) was observed to be higUy significant. The importance of these results in the 
selection di varieties pertaining to the environment has been emphasised later in the text. 

Early growth of the varieties does not appear to very much infliience the yield of the varieties 
as the correlation between the parameter A and the yield values was observed as non-significant. 
The low value worked oiifc was +0-28 only. 

The growth studies in the following year were extended to the niediuiii-early and mkl- 
seasoii varietal trials; 

Medium-early series 

The varieties planted in the medium-early series^ now under review, were Ck)31 2 (Standard), 
Co28i , Co313, Co299, Co427 and Co549i These varieties were selected on the basis of vield and 
sugar performance from tlm multiplication s^^^^ at the close of 1940-1941; Variety Co312, 
which served as standard in the trial, in reality is a mid-season cane. This was iiicliided to see 
how far the medium-early canes were comparatively lower in acre yields and if the extra yield of 
sugar on cane, early in the season (mid-December), in the highest yielding medium- early variety 
could compensate for the loss in yield as compared to the standard in the trial. For the first two 
seasons the growth measurements were recorded on the plant crop of the varieties in the trial. In 
the ^ final year the preceding year’s trial was ratooned and growth measurements on the ratooned 
varieties were recorded. 

Ciimtilalive growth curves. A detailed study of cumulative growth curves of the varieties indi- 
cated some differences worth recording. In the first season of study, the formative period of the 
crop groMT-tli extended over 70 days. The mean growth made by varieties was about 19 cm. The 
boom stage lasted for 130 days and in this period the mean growth accumulated was 216 cm. In 
the senescent phase the accumulation was 50 cm. of the total growth made by then and this phase 
extended over a period of 45 days. In the next year the formative period covered 130 days in which 
period on the average all varieties accumulated about 18 cm. of growth. Correspondingly the boom 
stage was reduced to 90 days and in this period plants made up a stand of 139 cm. The senescent 
phase was short and consisted of 25 days only, in which period it accumulated 12 cm. of growth* 
The medium-early ratoon crop had a moderately long formative period of 110 days. During this 
period the plants accumulated 125 cm. Boom period lasted for 100 days and in this period the 
plants accumulated 126 cm. of gro wth. In the senescent phase of 70 days the plants accumulated 
13 cm. of growth only. Thus a considerable variation in the lengths of formative, boom and senescent 
phases of growth of the crop is observed in difierent years. Besides it is noticed that an extended 
formative period is not of any special advantage. Increase in the length of the senescent phase 
also does not confer any benefit on the plants. From the results it is conceiveable that an extended 
boom period relatively proves to be of some advantage to the crop. 

Individually varieties in the same year also showed differences oT interest. Generally, Co427 
maintained the highest level of cumulative growth throughout the life cycle of the crop. In the 
early formative stages Co312 slightly had a better stand than Co427, It is probably this very early 
start, coupled with greater tillering, that accounts for higher yield of Co312 as compared to Co427 
in spite of the better growth of the latter in the grand growth period of the crop. Then we have 
another set of varieties, namely, Co549, Co299, Co281 and Co313, which had lesser accumulation in 
the formative period and a comparatively earlier decline of the curve in the senescent phase of the 
crop. All these varieties generally exhibited high sugar content. Highest early maturity was 
shown by variety Co281 which had the maximum lag in the tail end of the curve of cumulative growth 
in length. All the curves of cumulative growth in length were of normal sigmoid type. 

In 1942-1943 the curve of cumulative growth in length of variety Co312 in the initial stages had 
distinctly a better stand than others. At the point of inflection when varieties entered the grand 
growth period, in comparison io Go313 and Co299, the curve of Co312 began to indicate a lag. The 
differences widened as the crop entered upon its maturition stage. This lag was more pronounced 
in the curve of Oo427 than that of Co312. Varieties Co299 and Co549 indicated an identical behavi- 
our through the formative, grand growth and senescent phases of the crop. Co3i3 liad a lower start 
in the formative period ; in the boom period its curve of cumulative growth in length crossed over 
others and stood the highest at the close of the maturity period. 
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The curve of cumulative growth in length of variety Co427 in the crop season 1943-1944 (ratoonecl 
crop) through the formative, grand growth and senescent phases had the highest stand. Thus it 
could maintain a higher growth level than Co281 and Co3r2 till the sigmoid curves sloped down to 
run parallel to the ordinate, i.e. when the crop had entered upon its senescent phase. Varieties 
Co299 and Co549 started with a low absolute increase in height and growth and accumulated less 
and less of height as time elapsed. 

Collectively the varieties generally showed less growth during the months of April, May and 
June in 1942-1943 as compared to the year 1941-1942, In both these years varieties comparecl were 
of plant crop. During July to September the growth in the two years was almost comparable but 
was again smaller in the latter year in the months of October and November than in the crop season 
of 1941-1942. Amongst the varieties, Co427 generally in all the months exhibited the depressing 
effect of the environment more than other varieties. Variety Co281 indicated relatively greater 
lag in the months of October and November than in other months, although in the perceding two 
months, i.e. in August and September, contrary to the general trend of the varieties, the growth 



accumulated was more in 1942-1943 than in the year 1941-1942. Variety Co313 exhibited such a 
feature in the months of July and August. 

Exponential height growth curves. The results of the calculated exponential height growth 
curves of the varieties in the medium-early series for the three seasons are given in Table 11. 

Table II 

Exponential height growth curves 


Equation E^Ae 


Variety 

1941* 1942 (Plant crop) 

! 

1942-1943 (Plant crop) 

1943-1944 (Ratoon crop) 

Co312 (Sfc.) 


0-0U3.V 

L?=12*34e 

0-01284i 

i/=5-G8e 

0*01084/ 

/f=:12‘5oe 

Co427 


' 0*01550^ 

y/ = lM0e 

(>•010.38/5 

iy=2-o0e 

0*01070/ 

//=17*53e 

Coo49 


OVI544e 

9-42e 

0'01820« 

i/=2-03e 

0*01104/ 

9*74e 

Co299 


0-U1505# 

yy=- s-03e 

i/=:l-82e 

0*01 049/ 

9*60e 

CoSlS 


7*53e 

0*0178(5/. 

ii=2-35e 

0*01247/ 

/y== 8*69c 

Co281 

• 

0’01785^ 

644e 

0*01848/ 

i/=l*97e 

0*01845/ 

G*68c 


In the crop season 1941-1942 varieties Co312 and Go427 had comparatively very raj^id growth 
in the initial stages, which period CGrresponded to the formative stage of the varieties. Varieties 
Co549 and Co299 had a medium rapid initial growth and varieties Co3i3 and Co281 took the slowest 
initial start* 

In relative growth rate, i.e. with regard to 6 values the order of varieties was almost reversed. 
Variety Co3r2 had the least relative growth rate ; Co427i in spite of its high initial start, correspond- 
ingly had a fairly high relative growth rate of elongation, which is comparable to those of varieties 
Co549 and Co299, but it is definitelyTess than those of varieties Co313 and Go28L Statistically the 
relative growth rate of Co281 was significantly greater than that of Go427, Co549 and Co3r2, the 
differences amongst Co281, Go299 and Co313 being not significant. Again, statistically the values 
of Co313, Go299 and Co427 were the same at 5 per cent level of significance. But all the varieties, 
namely, Co281, Go313, Co299 and Co427, had significantly higher growth rate values than Co312, 
the diference between the values of varieties Co312 and Co549 being not significant. 

It is evident from a comparison of the equations for the different varieties in the two seasons, 
i.e. 1941-1942 and 1942-1943, that A values generally were lower and b values higher in the latter 
than in the former season. In fact A values of varieties Go299, Co427 and Co549 were much more 
depressed than those of the varieties Co313 and Co28L When the A values of the variety Co312 
is taken as normal for the two seasons, a comparison of the values of other varieties is possible. This 
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is shown in Table III, The former three showed over 40 per cent depression compared to about 18 

per cent in tbe latter two. 

Table III 


Relative values of parameter 


Varieties 

19414942 

1942- 

1943 

Percentage: 
differences 
in two 
years in 
. 4 values 

Parameter 

A values 

Percentage 
of maximum 

Parameter 

A Tallies 

Percentage 
of niaximum 

Oo3l2 . . . . 

12-34 

100-0 

, 5*08 

100*0 


Co427' . ■ , “ . ■ ' . . ^ 

IMO 

90-0 

2.50 

444) 

4,0-0 

Co549 . . . . 

9-42 

70.3 

1 24)3 

' 

.40.6 ;' 

Co299 , . . 

8-93 

804) 

1'82' 1 

R2.5 ■ 

, 48>',5, ■ 

Oo3I3 . , 

1 ' ■ 7*53 ■ 

' ■ OLO -i 

i j 

: 2'35: 

41.3 

1 ' 

19.7 

0)281 , , 

944 

i 

52-2 i 

1 

■P97 , . i 

1 

L ■' ■ 34‘6 ■ j 

1 

n*6 


In a similar manner the differences amongst the b values of the varieties in the two seasons are 
shown in Table IV ; percentage differences in the two seasons are shown in last column of the table. 
The differences were more appreciable in varieties Co299, Co549 and Co312 than in others. These 


Table IV 


Relative values of parameter h 


Varieties 

19414942 

19424943 

Percentage 
differences 
in tu-o 
sea .sons 

Parameter 

values 

j Percentage 
j of maximum 

Parameter 
h values 

T\)reentage 
of maximum 

Co28l . , 


()*01785 

100-0 

0*01848 

100*0 


Co3)3 . . . 

7 

0-01643 

92-0 

0-01786 

96-6 

— 4*6' .. 

Co299 . 


0-01 r>95 

S9:3 

0-01842 

99*6 

—10*3 

Co427 . . . 

. . : 

0*01556 

87-2 ■ 

j 

0-01653 

' 89*4 

' ' '—2*2 " "'■■■' 

Co549 . . . 


0-01544...'-'; 

i ■.■■86*5--:.. 

0*01829 

: ,..98*9' ' 

•—12-4 

.Co312 . 

- 

0*01435 

'0 80*4 :■ ; 

0-01284 

■■49*4 

4110 


differences in both the parameters may be attributed to the edaphic and ^veather differences, the 
effect of which has been discussed later. 

The data for the worked-out exponential height growth curves for the ratoon crop of 1943-1944: 
season have also been summarized in Table V. ' It will be noticed that variety Co427 had the highest 
A value ; the next high value was that of variety Co312, varieties Co549, Co299 and Co313 had 
almost ecjiial values, while Co281 had the lowest value of all the varieties in the trial. In respect 
of relative growth rate or b values Co281 had the highest value, the next higher value was that of 
Co313. The values in other five varieties were not appreciably different one from the other. 
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Table V 

Correlation coefficients 

A 

Parameter J.=A ; mean yield per acre in md.=B ; parameter h~Q ; mean sucrose percentage in Juice =D 


Growth constants, yield and sucrose data 


■ ■ Variety 

194M942 

1942-1943 

1943-1944 


r. . 

, A 

B 

C 

I) 

I... 

A 

B 

C 

B 

'A 

B 

C 

'■ .1) 


Coin 2 . 

12-IJ4 

767 

0'01435 

10*23 

5*68 

552 

0*01284 

10*99 

12*55 

806 

0*01034 

12*05 


Oo427 . , . 

ll-lO 

(ffi" 

0‘01556 

11*35 

2*50 

430 

0*01653 

12*35 

17*53 

741 

0*01076 

13*02 

1 

] 

Co5,49 . , 

942 

453 

0'01544 

12*06 

2*03 

400 

0*01829 

12*61 

9*74 

641 

0*01104 

14*37 

'1 1 

CI 0299 . . 

a-oa ’ 

499 

0*01595 ! 

12*82 

;l-S2 

432 

0*01842 

12*60 

9*60 

590 

0*01049 i 

13*29 


Coins . 

7-53 

656 

0'01643 

11*96 

2*35 

449 

0*01786 

13*11 

8*69 ' 

716 

0*01247 

13*34 


Co281,. .... 

644 

375 

0*01785 

13*31 

1*07 

321 ; 

0*01848 

13*56 ^ 

6*08 

574 

0*01345 

14*53 


1 : Coefficient of cor- 














' ' ' relation ' . 

+ 0’32G 

+0*926 

“f 

0*818 1 

+ 0*915 

+ 0 

1*550 

+ 0 

•711 

i 

i Significant at 




0*01 

i 


= 0*05 

P^0*01 

• 


P==0*10 



Correlations were worked out between A values of varieties and their mean values for the yields 
of all the replications of the trial on the one hand and between the relative growth rate values of 
the varieties and their mean sucrose percentage in juice over the entire crushing season. The sum- 
marized data have been presented in Table V. The value of the correlation coefficient between the 
mean yield of the varieties and their initial rapidity of growth values wa>s low in the year 1941-1942 ; 
it was significant at 5 per cent level in the year 1942-1943 and moderate in the crop season 1943- 
1944, but not significant even at 10 per cent level of significance. Correlation coefficients between 
the relative growth rates of the varieties and their mean sucrose percentage in juice were significant 
in all the three years. In the first two seasons the values were very high wffiile in the third season, 
i.e. in 1943-1944 it was significant at 10 per cent level only. The results thus indicate that the yield 
is influenced by the initial rapidity of growth and the accumulation of sugar is closely bound up with 
the relative rates of growth of the varieties. The significance of these results has been discussed 
later. ■, 


: Mid-season SERiE^^^ 

In the mid-season series the varieties included were Co290 (St.), Co312, Co331, Co419, Co438, 
Co451 and Co534. Growth in length record were obtained for three seasons, namely, 1941-1942, 
1942-1943 and 1943-1944. In the crop season 1942-1943 the preceding year’s trial was ratooned 
and experimental record was obtained on the ratoon crop also, to compare the performance of the 
varieties wdth the plant crop of the same season. 

Cumulative groivth in length. Cumulative growth curves of varieties, drawn to figure the differ- 
ences in the various periods of growth in the life cycle of the plants, in the crop season 1941-1942, 
indicated that varieties Co290, Co312 and Co438 behaved fairly identically and ran a parallel course 
through the three phases of growth ; variety Co534 maintained distinctly a low level of growth in 
the formative, grand growth and senescent phases of the crop life ; and the rest of the three varieties, 
namely, Co331, Co419 and Go451 showed different performance in the various phases, Variety 
Co331 with a very high growth level in the formative period indicated a lag in the latter two phases. 
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Variety Co451 kept up a liigli growth level only up to the earlier part of the boom period, later on a 
lag was evident but it was less pronounced than in Co33L Variety Ck)419 had a low growth level, 
in the forniative and up to mid- !>oom sta.ge, after mid -boom stage there was a I'ise in the ciiniulative 
growth curve of the variety, 

Under the environmental conditions prevailing in the crop season 1942-1943 variety Oo331 in 
the plant crop series had accuomlated the largest amount of growth. It took a start in the formative 
period and maintained it up. Variety Co290 though had some lag in the early growth stage stole 
a march over otlier varieties beyond the point of inflection. Varieties Co419, Co438 and Co534 had 
a tardy start in the initial stages. During the mid-boom stage its growth level was enlianced and 
it harl gieater cumulative growth in length than the remaining two varieties, namely, (.k)312 and 
€o451, by the close of the senescent phase, which, in spite of tlie good start in the formative period, 
showed a lag in the boom and senescent phases of growth of the plants. Sucli a lag in variety Ck)312 
was apparent in the medium-early series of this year also. 

In the ratoon crop the cumulative growth in length of varieties Co451 and Co534 was superior 
tlian that of the plant crop. Variety Co33l had as good accumulation of growth in the ratoon as 
in the plant crop of that season. Co534 when ratooned rah a course very close to Co3Sl over all 
the phases of crop growhii, while the curve of growth of variety Co45l slightly deviated away from 
Go331 when the sigmoid curve during the senescent phase tended to run parallel to the ordinate. 
Similarly the ciiinulative curves of growth of varieties Co419 and Co438 ran a parallel course t hrough 
the three phases of growth, but their rate of increment of growth aecumulation was smaller than tliat 
of Co331, Co534 and Co451. Varieties Co290 and Co312 maintained a lead over Co419 and Ck)438 
till the mid-boom stage when Co3r2 showed a rapid falling off in growth wide Ck)29() kept on close 
to the grow^th curves of varieties Co419 and Co438. The cumulative effect of growth was more 
apparent towards the maturation or senescent phase of the crop. 

In the year 1943-1944 curves of cumulative growth in length of varieties Co331, Co451, Co290 
and (b312 with slight variations ran a parallel course through all the phases of cane growth. In 
the preceding year the environment was not so suitable for rapid aecuniulation of growth in the case 
of Co29G and Cb3]2--as in the year under report. The remaining varieties that could be grouped 
together were Co438, Ck>419 and Co534. The curves of growth of these varieties tended to de.fleet 
away from the course of the former group from the mid-boom stage onwards as the curves tended to 
rim parallel to the ordinate. 

Scanning over the mean values of all the varieties in the different years one finds that the forma- 
tive period in the year 1941-1942 lasted for 45 days only and in this period the mean accumulation 
of growth was 13 cm. The boom period extended over 150 days in wliich plants accumulated 217 
cm. In the senescent pliase 22 cm. of growth was added within 50 days. Compared to this in tlie 
following year plant crop had formative period extended by another 35 days in whicli extra growth 
accumulated was only 5 cm. Proportionately, thus, the boom period was reduced by a correspond- 
ing period and lasted for 100 days only. In this span of life the growth accumulated was 146 cm. 
In view of the short grand growth, period senescent phase was prolonged by another 15 days, but the 
environment being not very favourable the growth accumulated was 13 cm. only compared to 22 
cm. in the preceding year. The ratoon crop had an extended period of crop growtli by about 40 
days and this helped in greater accumulation of growth, the comparative accumulated lengtiis in 
plant and ratoon crops being 146 and 221 cm. respectively. The 1945-1944 series had fairly long 
formative period vvitli small growth accumulation. The boom period lasted over a short period of 
1 10 days when plants accumulated 148 cm. It is in the senescent phase that the plants accumulated 
rather more than in the preceding year, Within, a period of 5() days the acciimulatLon was 70 cm, 
as against 65 days and 13 cm, in the crop season 1942-1943. These interesting diflerenoes in crop 
growth have their significance in explaining some of the peculiarities in varieties, Thest^ have been 
pointed out later o?n 

Exponential height grotvlh cutvss. In Table VI are given the results of worked out ex- 
ponential height growth curves for the three seasons in which studies were carried out. The data 
for the ratoon crop of the year 1942-1943 is also included in Table VI lk>r comparison with the plant 
crop of the same year, , ' 
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Table VI 

Exponential height growth curves 


Varieties 


Equation- 



1941-1942 
(Plant crop) 

1942-194$ 

(Plant crop) 

1942-1943 
(Ratoon crop) 

194$.1944 
(Plant crop) 

Co331 . . 





H=10-13e“'“J*5„ 

Co312 . . . 






Go230 (St.) . 




H=6-96e‘’-“®“ 


Co438 ^ . 





H= 7-75e®'° 

0o45I . 



J?=4-53e°-««®'* 


H= 

Co419 . . . 





8-46e"-“f“'’ 

Co534 . 


i?=4-34.“-'»82« 

ir=3-766®‘“®'‘®* 




A perusal of the plant crop data for the season 1941-1942 revealed wide variations in the two 
parameters determined from the curves. Parameter A was the highest in Co331, indicating the 
highest growth rate in the initial stages of the crop. Value A of the variety Co534 was the least. 
Evidently it possessed the lowest initial potential of growth of all the varieties in the trial. The 
other varieties had A values in between the A values of these two varieties. Statistically 0o331 
had significantly higher A value than that of varieties Co438, Co451, Co419 and Co534, those of 
Go312 and Co290, equa%between themselves, were greater than Co419 and Co534, and those of Co438 
and Co451 greater than Co534 only. 

The parameter A values of the various varieties, in the crop season 1942-1943, were of a different 
order than in 1941-1942, For instance Co290 and Co451 had higher value than Co312. Statistically 
critical difference at P=0'05 worked out to 1‘198 cm. Thus A value of Co331 was greater than 
that of Oo3r2, CJo438, Co4I9 and Co534, of Co290 was greater than that of Co438, Co419 and Co534, 
of Co451 and Co312 were greater than that of Co419 and Co534 ; Co438 alone had a significantly 
higher A value than that of Co534. 

In the final year the crop plant of the mid-season series indicated a slightly different order of its 
A values from those in each of the two preceding years. The A value of Co534 was exceptionally 
low as compared to A values of the other varieties. The critical difference for the series was POST 
cm, at P=0*05. Between themselves Co312 and Co331 statistically showed non-significant difference 
while they had significantly greater A values than rest of the varieties. Varieties Co451, Go419, 
Co290 and Co438 had significantly higher values than Co534. 

A, comparison of A values of the varieties, in the mid-season plant crop trial, in the three seasons, 
indicates that the parameter A values, without consideration of the individual variations, for the 
crop season 1942-1943 were generally lower than that of either 1941-1942 or 1943-1944. It is also 
noticed that the ratoon crop values of the initial growth in length in this year were further lower 
than the plant crop. This was so collectively for the trial as w^ell as individually for every one of the 
varieties. Obviously environmental differences must have brought about these differences. On 
this point we have gone in some detail in the succeeding portion of the text. 

Parameter 6 values in the crop season 1941-1942 showed significant differences amongst the 
varieties. Variety Co331 had a significantly lower value than that of Co534, Co419, Oo451, 0o438 
and Co29(), but statistically it was equal to that of Co312, which in turn also showed non-significant 
differences over that of the former five varieties. 

In the crop season 1942-1943 the parameter h was the lowest in the case of Co461 and not Co331 
which had higher value than that of the varieties Co312 and Co290. Statistically parameter b value 
of Co534 was significantly higher than that of Co451 and Co312 and that of Co419 higher than the 
value of Co451 alone. Th(‘. differences amongst others were not significant. 

The parameter b values of variety Co534, again, was the highest in the third year of study and 
showed a significant difference over all others. The lowest value was recorded for the variety Go312, 
The varieties Go290, Co438, Co451, Co419, Co331 and Co312 did not show significant differences 
amongst themselves. 




Hj 'UBOWf.M Sl’UDllii^ ol^ ^AcMaMUM iJFFiCWAiWM, i, VlRiETAL SERIES ' iJS 

A comparison of tlie b values of the plant crop as against the ratoon crop showi'd (iiffej'enees in 
soine important respects. As plant cfop Co*45l liad the lowest value, hot as I'atocm crop it had a 
iairly high h valiie. On the other liaild Cd419 as plant crop had a fairly higii \’alue hut as ratooii 
crop its value wtls cofisidera'ijly reduced.- Siinilar position was iioiici^d in the vnm of (V)290 and 

.eoai2;' ' ■ :■■■ / 

Though the eonipafkdii of the parameter d[ aiid b values is iniportant to assess the performance 
difterehces of the vafieties hi the vatious yeafs, it is still more important to know how these figures 
are correlated to the yields or' niean sugar values in the different seasons. A comparison is provided 
in Tables Vir and VJIL ; " 

Table VII 

Values of parameters A and acre yields 
Parameter A vahie— A ; Mtwi yicM per acre in ind.™ 


Varieties 

1941-1942 

Plant crop 

1942-1943 

Plant crop 

1942-1943 
Ratoon crop 

1943-1944 

Plant crop 


A 

B 

A 

E 

A 

B 

A 

.B ■ 

Co331 . . . . 

11-52 

1071 

7-5() 

339 

5-00 

1012 

lO'ft 

368 

Go312 ... 

9-98 

944 

5-83 

457 

4-19 

744 

11-06 

515. 

0o290 (St.) . 

0-36 

743 

6-91 

375 

5-9() 

664 

8-03 

368 

Oo438 . 

8-34 

838 

5-46 

429 

3-04 

529 

7-75 

408 

Co451 .... 

7-62 

916 

6-55 

272 

0-68 

644 

8-96 

317 

Co419 . 

6-30 

911 

4-53 

■ 182 

3-1 S 

709 

8*46 

389 

Co534 . . . 

4-34 

756 

3-76 

272 

. 1 

1-25 

534 

2-12 

267 ■ 

Coefficient of correlation . 

+ 0-41 

+ 0-382 

+ 0-534 

+0-817 1 

'>P=0-05) 


The values of the correlation coefficients worked out between paraiiieter rf values and the mean 
yield values in all. cases gave positive correlations. The value was significant 'for the crop season 
1943'-I944 only. In the case of medium-early varieties trial, a similar position was noticed which 
indicates that the initial rapidity of growth, although influencing the yield, is not the major factor 
determining the yields of the varieties. 

The parameter b and mean sucrose values of the varieties in the different crop seasons are shown 
in Table VIIL 

Table VIII 

V cilues of jiWrametef h emd mmn smrose percemiage^ 

Parameter 6 values=A ; Mean sucrose per cent in jiiie(3™B 


Varieties 


1941-1942 
Plant crop 


1942-1943 
Plant crop 


1942-1943 
Ratoon crop 


1943-1944 
Plant crop 


Co331 . 
Co312 , 
Co290 (St.) 
Co438 . 
Co451 . 
Co419 . 
Oo534 . 


Coefficient of correlation 


0-01472 

0-01598 

0-01687 

0-01739 

0-01759 

0-01809 

0-01824 


-f 0-593 


0-01744 
0-01677 
0-01686 
0-01742 
0-01537 ] 

0-01885 ] 

0-01948 ] 

d- 0*'713 {>P= 


0-01532 

0-01474 

0-01396 

0-01639 

0-01393 

0-01639 

0-02181 

+ 0-933 (>P= 


0-01343 

0-01323 

0-01499 

0-01454 

0-01455 

0-01399 

0-02182 

^ 0-785 {; 
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The vaiues of thd dbdfficiehts of Correlation wofkCclbiit betweCh the relative growth rates of thC 
varieties aiid their niean siiCrosC Cdhient values are showri ill the last homontal column of Table 
yilL In i.94i-1942 the value was not higlF Chough to show significance even at P=0']:0. For 
the ratoon crop in the year 194-2~194S the value was very highly significant; In the cases of plant 
crop ill the two years, namely, 1942-1943 and 1943-1944, the eorrelation eoefiicients indicated were 
strong hnd the valiles were significant at P~0*l(h Thus we observe that relative growth rate values 
liave much to do with the accumulation of sugar in the juice; A High rate indicates greater accumula- 
tion and vice versa: Later on these results in conjunction with those of the niedium-early series have 
been disciif^secl: 

RbLAtlONSHIP BETWtifiN EPFICIBNCf INdIoE.^ ANIi MEAN bAIIiY GROWTH BATES OF VARIETIES 



Ffoih the abo’te it is evideilt that efficiency indices are highly correlated to the mean sucrose 
per'cefitage in the jtiice of the varieties. The values, as we know from the mathematical evaluation, 
afso tUkes into account the mean daily growth rates of the varieties. Let us then find out if it is so 
in the case of sugar cane as has been shown by Afzal and Iyer [1934] in cotton. The data given in 
Table IX summarizes the results of comparison. 


'! ‘ - Table IX 

i ; ■■ ^ ^ ^ ^ . 

' Comparison of mean daily groivth rate and relatim growth rate 


■ 

Crop season and nature of trial 

Varieties 

Initial 

measurement 
in cm.=Hi 

Final 

measurement 
in cm.^Ha 

Number 
of days 
Hi to H. 

Mean 

growth 

rate 

Efficiency 

indices 

Value 

of 

r 

1940-1£I41— 

Comi 

54)1 

197-80 

216 

0-01623 

0*01052 


Fljy^ioiauical series (Plant 

Com 

7*33 

188*28 

216 

0-01501 

0-01594 


crop) 

Co290 

6-45 

198-86 

216 

0-01587 

0-01699 

---O'OlO 


€o28i 

7-28 

179-46 

216 

0-01484 

0*01762 



€<o205 

7*31 

^ 188*84 

216 

, 0-01493 

0*01677 


1941-1942— 

Co312 . 

18-II 

227*38 

192 

0*01318 

0*01436 


jMediiim-carlv series (Idant 

Co427 ■ ■; 

10-90 

236*08 

192 

0-01372 

0-01550 


crop) 

Oo549 

17-21 

215*76 

192 

0-01317 

001544 

+ 0*0301 


Co299 

16-50 

215*45 

192 

0-01338 

0-01595 



Co313 

13-89 

208*69 

192 

0-01419 

001663 



Co28i , . ■ 

iO-02 

208*68 

192 

0-01337 

00173,5 


1941-1942- 

coaai 

11-28 

244-06 

■ 217 

0-01377 

001472 


Mid-season series (Plant crop) 

00312 

8% 

265*64 

'217 

0-0160() 

001598 



Ca290 

10-39 

: 235*26 

, '.217. 

0-01638 

0-01687 



00438 

S*77 

26143 

217 

0-01564 

001739 i 

+ 0794 


00451 . 

046 

237*32' 

217 

0-01661 

001759 



00419 

0-83 

232*66 

' 217 

0-01640 

0-01811 



00534 

4-90 

224*32 

. 217 ■: 

0-01762 

0-01824 


1942-1949— 








Medium-early series (Plant 

00312 

12-68 

178*06 

207 

0-01129 

0-01284 


crop) 

00427 

8*89 

148*98 

■ ■ 207' ' 1 

0-01362 

001653 i 



00549 

7-77 

190-06 

207 

0-01559 

001829 



00299 

S-45 

182-23 

207 

0-01484 

0-01842 

+ 0981 


00313 

9*17 

198-51 

207 

0-01485 

001786 



00281 

S-54 

190-17 

207 

0-01499 

001848 


1942-1949— 








Mid-season scries (PL-ud crop) 

0o331 

14-02 

228-48 

198 

0-0141-0 

0-01744 



Co312 

11-52 

155*71 

198 

0-01315 i 

0-01677 



0o29O 

11-22 

189*43 

198 

! 0-01427 

! 0-01686 



0O43S 

11*15 

170*47 

198 . 

0-01377 

' 0*01742 

+ 0923 


1 00451 

13*15 

155-77 

198 

0-01248 

0-01537 


1 

00419 

7-05 

178-54 

198 

0-01632 

001885 



Oo534 

7-57 

167-89 

198 

0-01565 

001948 
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Table IX— 

GompUmon qf mean daily grmotJi rate and relatwe growth rnle — coutrL 


etbh seasoh and naturfe df trial 

Varieties 

Initial 

meai^iir^ment 
in cm ,=Hi 

Final 

measurement 
in cm,™ PL 

jXuniber 
; of days 
Hi'to' j&:2 

]\lea.n 
growth 
rate , 

Eflicienuy 

lndi(;cs 

1 

Vaiim 

of 

O' 

1942-1943— 








Mid-season s^lies (Ratoon crop) 

Co331 , 

lo-45 

283-00 

199 

0-01472 

0-01532 



Co312 

1212 

211-39 

199 

0-01440 

0-01474 . 



Co290. . 

16'7S 

236-07 

199 

0-01329 

0-01390 



Co43S 

15-10 

239-67 

199 

0-01412 

0-01639 

, 4-04.)51 


Co451 

10-11 

264*69 

199 

0-01641 

0-02393 



Co419 

12-13 

243-5.5 

199 

0-01507 

0-01039 



Co334 

17-42 

289-75 

199 

0-01413 

0-02181 


1943-1944— 






. 


Medium-early scries (Ratoon 

Co3i2 

21-50 

149-88 

166 

0-01170 

0-01034 


crop) 

Co427 

30-35 

231-49 

166 

0-01224 

0*01076 



Co549 

18-50 

138-20 

166 

0-01225 

0-01104 

" ' ' 


Co299 

17-15 

117-19 

166 

0-01158 

0-01049 

. 4-0-850 


Co3l3 

19*85 

173-74 

166 

0-01307 

0-0X247 



Co2Sl 

19-25 

159-34 

166 

0-01273 

0-01345 


1943-1944— 








Mid-season series (Plant crop) 

Co33I 

14-40 

178-70 

162 

0-01556 

0-01343 



Co312 

14-20 

175-94 

162 

0-01554 

0-01323 



Co290 

10-55 

i 176-58 

162 

0-01464 

0-01499 



Co438 

11-75 

158*80 

162 

0-01608 

0-01454 

4-0-0209 


Co4ol 

11-80 

' 182-40 

162 

0-01690 

0*01455 



1 Co419 . 

11-15 

; 153-07 

162 

0-01619 

0*01399 



Coo34 

11-00 

152-04 

162 

0-0ie23 

0-02182 



Correlation coefficients between the two entities in each of the trials were separately worked 
ont. In three cases out of eight the values were extremely low indicating that there did not exist 
any relationship between the relative growth rate and the mean daily growth rate of the crop in 
these trials. In one case, i.e. the ratoon crop of the mkbseason series of 19424 943, the correla- 
tion was found to be not significant, though the value indicated a relationship. In rest of the four 
cases the coefficients of correlation were significant. A correlation between the two was worked out for 
all the observations irrespective of the years, varieties or nature of the crop. A high correlation value 
’was obtained (r=0*5766>P=0*0I). This showed that mean daily growth rate for the four years’ 
period on the whole was a good general index. Although this gross correlation between the two 
entities might lead one to assume that for all practical purposes the iBeaii daily growtli rate is a 
good measure of relative rate of growth of the cropyfor it will reduce the labour of handling the data 
the individual correlation values point to the fact that the true measure of relative growth in plants 
is the one worked out by the concept of compound interest law as expounded by Blackman and 
daily growth rate, at best, is only a most probable indication of the performance of the variety in 
relation to others in the trial. 



Formative growth values of the varieties 

In the growth of the plant it is not enough to study the growth in length alone, otlier factors 
must also be taken into account as distinct growth features of the varieties. Formative giowlh 
values of the varieties arc some such factors of importance. These difterences chiefly relate to the 
morphological characters specific to the different varieties in respect of tlie canes in the clump. Such 
characters have been studied in two trials, namely, mid-season and medium-early series. 

Medkmn-eady varieHes. In Table X are given the underground ijranching data of the varieties 
in tlie medium-early trial. It will be noted that the data are complete for five varieties only. For 
unavoidable reasons all the stools of variety Co281 could not be dissected. Only five clumps of 
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this variety could be analysed 

analysis which is detailed in Table XJ.. It will ne ODser\eu ii. • ^ ri„oi 9 no427 The 

Co549, eo313 and Go281 in g^eral showed more till^^^^^^^^^ Tnmy however, b^^ 

■former four varieties behave as early ripeners than the ^ ,i„^ive^\,ineriim which makes up 

that this fact refers to total tillering of the plants and not to the j 

t ™aj» portion of the -P- Tb». dW»en«^ 

revealed that varieties in general had a larger niimbei oi ncairi __ P-n-ori as is indi- 

ken tog for the varied the dMerence between the 

cated by the significant value of the interaction between varieties of those 

Again diseased stalks less often matured ^ that except the first order interaction 

:rvSrL7rn.rf^.L ofben b— ..on.^ *.1 .be 

three factors were significant. 




Table X 


Umhrground hranoUng datar:r^mdiurn- early mrietm 


Mature shoots 


Immature shoots 


Total shoots 


Diseased dr 
damaged 


, Diseased 

Diseased or Healtliv or 
damaged ‘ damaged 


I, 0 d&e a h c d&e « 

1 5 6 7 8 9 10 1 


a b c d&e a h c d&i 

11 12 13 14 Id 10 
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Table X — confd. 

U ndergfmifid, hranohing data — medium-early varieties — eontd. 


..-A'V..:.,, A':'' 













vr 









Mature shoots 


Immature shoots 


Total shoots 



Varieties 

Serial 

iVo. 

Healthy 

Diseased or 
damaged 

Healthy 

Diseased or 
damaged 

He,althy 

Diseasec] 

or 

damaged 

is 




a 

h 

c 

fkfee 

a 

b 

c 

d«fee 

a 

b 

e 

(i&e 

a 

b 

G 

dX'e 






2 

• 3 

4 

5 

G 

7 

8 

9 

10 

11 

12 


14 

15 

IG 

17 

18 

19 

■ ■20, 

21 ' 


Co 281 

I 


1 



1 

2 


. . 







7 


1 

10 

11 



II 

1 

4 




1 









2 


f) 

3 

8 



III 

1 


1 



1 











■2 

1 

3 



IV 

1 

5 

2 








1 




2 


9 

2 

11 



V 


3 

1 










1 

2 

8 


4 

11 

15 


Total 



.13 

4 


1 

4 





1 


1 

2 

19 


, 21 

,27 

,48 


Co 427' ' 

I 

1 

5 









3 



1 



9 

1 

10 

' I'V ■ 


II 

1 

G 

1 








G 



1 



14 

1 

15 

5 


III 


I 

1 














2 


0 

i 


IV 

1 

3 

I 








1 



1 

.. 


0 

1 

■7,. 



v' 

1 

4 












] 



5 

1 

6 

! 


VI 

1 

G 

1 










.. 




8 


8 

, 


vn 


3 


.. 





1 








■ '' 4 


" '4 

























VIII 


4 



1 





1 




2 



5 

■ '3 

8 

..'■'"I: '■ 


IX 

1 

5 

2 







2 




1 

. . 


10 

1 

n 



X 


5 



1 












5 " 

1 



Total 


() 

42 

0 


2 




1 

3 

10 


•* 

7 



68 

9 

77 ' 

1 


I 

1 

7 








1 

5 



1 



14 

■1, 

15 

' , 'V}; 


II 

3 

5 

I 







1 

7 


1 

. . 



,15 


15 ■ 



III 


4 

3 







2 



1 

1 



9 

,2 

11 



IV 


1 






“ 





1 

,1 

1 


1 

" ^ 

' 4, 



i 

1 

5 

4 







*> 

2 




1 


14 

1 

, 15 



vr 

1 

4 

1 







1 





1 


7' 

1 

' 8, 



V.11 

1 

G 









3 



1 

2 


10 

■8 ■ 

■ 13, , 



vin 


r> ' 



... 






■ 2 


i' 1 

3 



7 

4 

11 



IX 


3 

3 








’ ■ 1 



■ 4 

2 


S 

6 

14 



X 


3 

1 i 


i • * 





.. 





0 


4 ' 

9 

J3 


Total 

■i 

6 

■43 

13 


t , 





, 7 

20 


3 

n 

10 


89 

30 

119 


C>r>4i) 

.1'' 

..'l' 

5 

6 j 









.■ '2 

... 

1 



'■■ ■14" 

1 

15 



TI 

1 

■•3 

■'2 1 



1 







.. 

1 

1 


0 

3 

U 



IIT 

1,:' 

2 

. , i 



j- ■*.' 








" 1.' 




1 

4 



IV 


■'■ 3 

2„ 

1 

1 

: ■ 1. ■ 








3 



c 

5 

U 



V 


..5 

3 , 


; .f.' 




■ :» .* 


'2 

■ 2 


2 



12 

■'2 

14 



VI 

1 

6 

^ ' 







■ , . 

1 



8 

3 


14 

11 

25 


VII 

-.."I," 

G 

■2' 



1 




. . 



.. 

2 

2 


9 

5 

14 



VI i I 


' '3:" 

' 2' 












2 


6 

2 

28 

; 

i 


IX 





1 










2 


7 

3 

10 





G 












o 

2 


,' '7: 

. 4 

11 




7 

43 

26 

1 

■ 2 

3 





3 

4 


20 

12 

1 

84 

37 

121 
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Table XI 


Analysis of variance 
Undergmuml tillering (laM^—mediuni-emly vaHeties 


Due to ■ " 



D.F. 

Sum of saiiares 

Mean variance 

Blocks 



9 

50-62 

5-62 

Varieties (V) 



4 

79-22 

19-81 

Maturity of stalks (M) 



1 . 

67-28 

' 67-28 

Healthiness of stalks (H) 



■ - ■ ■ 1 

224-42 

224-42' 

Interactions : — • 

V N M ■ . ■ . . ' . 



4 

, 24*72 . 

6-03 

VXH . . . . 



4 ■ 

44-18 

11-04 

■ MXH . . . ' . ' ' 



1 

784-04 

784-08 

y XM.X^' : . ■ ■ A , . ' 



4 ' 

432-82, 

108-21 

Residual error . . . 

' ' 


171 

527-28 

i 

3-08 




6 - 42 ** 

21-82** 

72-88 

1-96 

3*r>s* 

2}>4-28** 

35-09** 


Htandard error^J- 1 -755 *Indicates significance at 5 i>er cent **Jndicates significance at J per cent 


Mid-season varieties. A perusal of Tal>le XIT will show some broad outstandiug facts. For 
instance tite major portion of the crop was formed of tlie ' b ’ shoots together with ' c ’ shoots in a 
few cases. Again ‘ c ’ shoots w^ere the very shoots of which a large proportion remained immature 
because of the attack of pOvSts, diseases and other physiological causes. Larger was the production 
of thevse two types of shoots, greater was the proportionate mortality in the varieties. Next, the 
varieties such, as Co331, Co4i9 and Go 151, possessing high yielding power, did not necessarily have a 
larger number of total tillers produced by the plants, other factors contributed potently to increase 
the yield, e.g. high germinability of varieties, thickness of stalks, etc. From the table of analysis of 
variance (Table XIII) it would be observed that the varieties differed widely in their underground 
branching. The varieties Go290 and Go3]2 had developed significantly greater number of under- 
ground brandies than rest of the varieties. Again the varieties Co438, 00534 and Co451 had signi- 
ficantly a larger number of shoots than, either Co331 or Co419. Secondly iii general, tlie number 


Table XII 


Underground hrancMng data- Mid- season series 


Yariet y 

Mature shoots 

1 Immature shoots 

1 

'Fotal shoots 

Serial 

No. 

HealUiy 

Diseased or 
damaged 

1 Heaithy 

Diseased or 
Uaiutiged 

ee.'illhy 

Diseaseii 

or 

daniugoil 

95 

S o 
0 ^ 



a 

1) 

c , 

(lAe 

a 

'h: 

v. . 


a 

h 

c 

d.ye 

a 

h 

e 

d<V,e 






1 
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3 

4 

5 

6 

7 
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0 
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11 

12 

12 

14 
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17 
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u. 


ir 


2 

,1,1 











, :2, 

'■■IT 

(> 

Hi 

n 

27': 


III 


4 


3 



1 







."'"r , 

::5 

5 

-Ih 


27 ' 
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Table XII — contd. 

LhdergmundbraneJm^^ — Mid-season contd. 


Variety 

Jklature Hljoota 

Immature shoots 

1 

j Total shoots 

Serial 

No, 

H.althy 

Diseased or 
damaged 

Healthy 

Diseased or 
damaged 

Health 

Disease 
y or 
damage 

dh 



j a 

b 

c 

d A e 

1 ^ 

b 

c 

d & e 

a 

h 

e 

dii-e 

: , a 

b 

e 

d A e 






1 

2 

3 

4 

5 

« 

7 

S 

9 

10 

11 

12 

13 

14 

15 

10 

17 

, 'IS ■' 


Co 312' ■ 

1 

1 

2 

5 




. . 







4 

i ^ 

2 

8 

' 

.] 


IT 


5 

10 

r> 








5 



n 

/ 

25 

16 

4 


HI 

1 


2 









3 

1 

C 



12 

7 

1 


jY 

1 

fi 

9 








4 

2 


1 

1 

1 j 

22 

3 

'2 


Y 

1 

8 

4 






•• 


2 




1 


' 15. 

1 

1 


VI 

1 

i 

3 











1 

2 

2 

1 1 

'5; 

K 


VII 

1 

3 

1 












2 


5 

. ‘> 



VTII 

1 

3 

2 











1 

' 4 

1 

ft 

6 

U 


IX 

1 

8 

3 

2 







3 



I 

f) 


17 

6 

2:; 

€o 331 

1 

I 

1 

1 


! 
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1 



■2 

1 

11 


TI 

1 










3 



2 



r> 

2 
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HI 

] 
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1 

5 
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1 
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7" 

10 
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3 

4 

7 


VI 

1 

3 
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f» 

10 
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1 

3 



.. ■ 









3 

3 
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10 
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1 
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Table XII — coneM. 


Vn<hrgroiindbrmicMng data— Mid-season s^m^—concld. 






Mature 

hoots 


Immature shoots 

Total shoots 

Variety 

Serial 

Ko. 

Hi alihy 

Biseaserl or 
damagevl 

Healthy 

Diseased or 
damaged 

Healthy 

Diseased 

or 

damaged 

Grand 

Total 



a 

b 

c 

(1 & e 

a 

h 

c 

dd-e 

a 

b 

e. 

d d e 

a 

b 

e 

d d e 






1 

2 


4 

- 

1) 

C> 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Co 451 

I 

1 

7 

1 











4 

3 


9 

' 7 

16 


11 

1 

5 





2 








5 


6 

7 

13 
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1 
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2 







4 

2 


3 

8 . 

11 


IV 

1 

4 







. . 





2 

5 

1 

6 

8 

14 


Y 

1 
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1 



1 




3 




d 

6 


8 

13 

21 


VI 

1 

3 
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2 

5 
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7 
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1 

4- 













8 


5 

8 

13 
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1 

1 





2 

1 


2 

1 



3 

2 

1 

5 

9 

14 


IX 

1 

3 












4 



4 

10 

14 

Co 534 

I 

1 

7: 

4 


1 





6 





10 


19 

11 

30 
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1 

1 
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3 
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8 

12 
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5 

5^ 

1 
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6 

16 
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3 
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4 

! 1 

4 

16 

9 

25 
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4 

2; 











4 

1' 


7 

9 

16 
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4 
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( 7 i 
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10 

18 
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3 ! 
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. 4 
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” 1 
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6 

' 4 ■ " 
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Table XIII 
Analysis of variance 

Underground tillering data — Mid-season series 


Due to 





D.F. 

Sum of squares 

Mean of variance 

V./V, 

Blocks 





8 

68-58 

/ 8-57 


Varieties (V) . . . 





6 

389-28 

64-88 

*9-92** 

Maturity of stalks (M) 





1 

47-78 

47-78 

7-32’*'* 

Healthiness of stalks (H) . 
Interactions : — 





1 

96-57 

96-57 

14-76** 

VX H . ... 





6 

177-88 

29-65 

■■4-53* ■ 

-U X t . \ ■ . ; . ' .' 





6 

158-17 ^ 

26-36 

4-03* 

MXH . . . ■ .■ 





1 

2198-58 

2198-58 

335-99** 

HXMXT . '. 





6 

277-97 

46-33 

7-08** 

Residual error , 





216 

1412-64 

6-54 



Standard error= d;5*55 ^Indicates significance at 5 per cent **Indicates significance at 1 per cent 


of mature stalks was significantly larger than immature stalks. Thirdly, healtliy stalks were signi- 
ficantly greater than the stalks which remained undeveloped due to diseases, pests or physiological 
causes. Fourthly, interaction between varieties and mature versus immature stalks was significant 
indicating that thougli varieties in general had a larger- number of mature stalks than immature 
stalks, the varieties Co381 , Co451 and Co634, differed from this general behaviour. They had slightly 
larger number of immature stalks than mature stalks. Fifthly, the interaction — mature versus 
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immature and healthy versus diseased stalks — ^was very highly signiiic'aut. Matured stalks had a 
very high percentage of healthy stalks while in the immature stalks tlie i lumber of diseased canes 
were proportionately high, Lastly^ the second order interaction— xiinotw^ X mature versus immature 
X healthy vetstiS diseased stalks— -was ak^ 

Millable cane values of varieties 

The mature stalks in the underground branching series were ineasiired separately in both the 
trials, namely, medium-early and mid-season series. The data are given in Table XIV. 

Table XIV 

Millable cane values ; (A— Medium-early series ; B -Mid-seamn series) 



Series 


Varieties 

MeaiJ cane 
weiglit 
in cm. 

Mean cane 
length 
in cm. 

Weiglifc 
per unit, 
ieiigtli in cm. 

Mean cane 
girth in 
cm. 

Cane 

module 

value 

A Series 

. 


Co;il2 

581-7 ±85-4 

188*5 ±51-2 

3-09 

0-9 ±0-87 

86, ' 




Co2Sl 

4:J&-2± 135-4 

135-7± 118-0 

3<24 

6-1 ±2-82 , 

70 




Co2m) 

524-0 il60'3 

184-3 ±36-5 

GO 

5-4 ±1-66 

107 




Co:U.3 

580*7 i 234-5 

165-1 ±47-8 

*3-51 

6-1 ±2-56 

' 84 ' 




Clo427 

732-0 ±237-4 

202-3 ±86*0 

3>62 

. 7-8 ±0-22 

82' ■' 




Co54»> 

510*0 ±248-2 

lS0-0±57-0 

2-S4 

4-5 ±0*06 

, ,125 

B Series 



Go2yo 

500-0 ±08-2 

158-0 ±72-2 : 

3-72 

7-2 ±1-30 

V"" 70 




Co:U2 

631-0 ±257-5 

172-2 ±73-6 1 

3-66 

■ 7-()±l-32 

78 




Co3Sl 

660*4 ±305-3 

185-0±51*1 1 

3-61 

7-4 ±1-03 

80 




Co-IlO 

1106-0 ±322-7 

214 -4 ±78-5 

5-58 

8-4 ±1-50 

81 




Co438 

601-7 ±238-5 

' 186-7 ±50-2 

3-22 

6-4 ±0-00 

03 




Co451 

635*4 ± 34, ‘0 

200-3 ±62-1 

3-17 

6-3 ±1-30 

101 




Co534 

613-0± 202-2 

166-2 ±42-0 

3-60 

6-8 ±1-80 • 

, 78 


It will be noted that varieties, in general, showed wide variations in the weight of the stalks, 
as is indicated by the high level of variation shown by them. Mean stalk length of varieties amongst 
themselves also exhibited conspicuous differences, In mean cane length of stalks the varieties indi- 
vidually showed as high a degree of variation as in cane stalk weight. Variety Co281 particularly 
had a remarkable variation in this respect. The range of variation in the medium-early varieties 
between minimum stalk length of Co281 and the maximum stalk length of the variety Co427 was 
66-6 cm. In the mid-season series such a variation in the cane length amongst the varieties Tvas 
55'6 cm. Similar variation was noticed in mean cane girth of varieties in both the varietal series. 

, In the last column of Table XIV are given the cane module values for the varieties. The variation 
in the cane module values is as high as in the other millable cane characters of the varieties. One 
thing more is evident — the cane module values for a ten months crop of Sunnabile or Saretlia group 
canes at Coimbatore were higher than crop of the same age in this province, although these groups 
are definitely less vigorous than the Co-cane [Barber, 1918] varieties. 

In both the trials the standard cane variety w^as CoBl 2. In the mid-season trial the weight 
per unit length of cane was higher than in the nxedium-early series. medium-early experiment 

was planted on light loam soil and was cropped in {Tfij'olimurasiipimU^^^^^ so that the land 

received no preliminary cultivation. The crop had an average stand. On. the other hand, mid- 
season trial had been planted on well manured land which had received good cultivation. It appears 
probable that, as a consequence of this, a higher weight per unit length >cas obtained in the mid- 
season series as compared to the medium-early series. This point has been mentioned as a pre- 
liminary observation which requires confirmation by extensive study. 

Significance of results 

In the preceding text we have presented results of growth measurements of varieties in trials 
conducted during the years 1940 to 1944. For each of the varietal trials growth data have been 
presented as (a) cummulative growth in length, to indicate differences in the absolute growth of the 
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varieties and (b) exponential height growth curves, to describe difference in parameters A and B of 
the varieties in different crop seasons and to correlate the derived parameters with mean yield of 
varieties and their mean sucrose content in juice. Besides, (c) correlations between the efficiency 
indices of growth and the mean daily growth rates of varieties in different trials have been worked 
out to show the relationship between these two parameters. In prospecting yields, the impor- 
tance of the study of formative growth values and millable cane characters is quite obvious. These 
characters 'were studied in the year 1942-1943 in both the medium-early and mid-season series. 
Collectively all these investigations throw some light on cane growth and functions associated with it. 

Growth relative to environment. It is a patent fact that environment as well as inherited di- 
fferences affect the behaviour of the same variety in different years. Besides the inherent differences 
ill the nature of the protoplasm, other internal factors such as osmotic concentration of cell sap, 
number and size of growing points and the relative availability of manufactured food are some of 
the factors which determine growth. These factors may be markedly altered by the external con- 
ditions and according to Briggs [1928] and Gregory [1928] the external conditions merely accelerate 
or retard the way in which the internal factors such as temperature light, moisture, electricity and 
the amount and composition of the materials in the soil influence growth. Of these temperature 
is by far of greater importance than other environmental factors. Miller [1938] states, “ In general, 
the growth curve in relation to temperature shows three cardinal points, the minium, the lowest 
temperature at which growth is exhibited ; the optimum, the temperature at which growth is the 
greatest ; and the maximum, the highest temperature at which growth will occur. ’’Optimum tem- 
perature means favourable conditions for assimilation and growth during the day time. Das [1933] 
has taken 70°F. as the threshold value for the optimum temperatures. The temperature values 
above this limit have been termed as day degrees. Comparable results for two years of the varietal 
trials are available for comparison and for a study of the influence of day degrees on growth of the 
crop. These results are presented in Table XV, 


Table XV 

Initial growth in relation to day degrees {A^ growth in cm. ; B— day degrees.) 


Year 

Particulars 

of 

experiment 

Growth iti difi’erent inoiitiis 

Mean 

parameter 

A values 

April 

May 

June 



A 

B 

A 

B 

’ A ■■ 

B 


1U4L-Ii)42' 

MecUum-early . 

9-42 

' -f-21'2 

9*43 

-f29'3 

28*32. 

+ 37*0 ' 

9*243 

Itm, . . 

Medium-early . 

7'00 

4-19*3 

' 7*21 

+27*7 

14*10 

+ 32*5 

2*725 ' 

11141-— 1942 ■ 

MM-seasoi) . . 

8-09 

, . 4*21*2 . 

10*75 

+29*3 

'24*75 

+ 37*0 

■7*21'" 

3942—1943 . 

Mid-season . . 

C'95 

-f-19'3 

7*55 

+ 27*7 

17*04 

+ 32*5 

5*80 


Approximately in 1941-1942 the day degrees were higher by tw'o units per day (+()0'^F. per 
month) for the months of April and May and about five units higher for the month of June (+150''Fd 
compared to 1942-1943 and the influence of these differences is marked on the development of varie- 
ties both in the medium-early and mid-season series. This effect is particularly in evidence in the 
growth accumulated in the months of June when the cumulative effect of temperature was mani- 
ffisted more pronouncedly than that in the preceding months. The raediuni-early varieties 
comparatively suffered less than mid-season canes. The comparable elongation in April and May 
was also less. The parameter At of the exponential height grow^th curves in the two varietal trials 
in the two years indicated differences of the similar type as in the monthly growth accumulations 
noted above. These comparable data do bring out somewhat in relief the influence of day degrees 
on early growdh of the crop and confirm the conclusions of Das [1933] and Shaw and Sweezy [1937] 
that day degrees bear a relationship to the growth of the crop. Agee [1930] and Summerville [1944] 


...owTH sTumm o» „„„„ 1, 

»tog «Sf4" *'“ “ ”'»■“ ‘ft" i‘ I..C1 «,, i„. .te,. 

to April and to May^temperaLL T f K^ June should be attributable 

effected the aceumulat Jrf ^“.k J„™ Xl'ft' ' *,‘“ *>' '’'S’"'* “ ’‘P"’ •”> »<«>■ -"O" 
differences, than in the values for May or 4T)ril elongation process could also show marked 

above 70”F. very vitoBy ioflu.noe the ejL^tt?, prlSTS re ‘'-P™’”™ 

every trial and in each one*o?ule yrara ormoie ‘j" S^erth amongst the varieties in 

presented in Kg. 1. The general analysis of the data is g'iven T tIIo xfir 



Fig. 1. Cumulative growth curves. 
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MacDougal [1916, 1921] from his extensive studies concluded that in the formative period before 
cells divide they increase in volume by the protoplasmic hydration. This stage he called acceration 
stage of the cells* During this stage, proteins and carbohyderates are formed by synthesis, dehy- 
dration and condensation [BlacDougal, 1925]. When the mass of a cell reaches a certain point, 
cell division begins. 

In these cells protein synthesis is dominant, while carbohydrate metabolism and storage is at 
its minimum. After the cell has been formed it needs to strengthen its cell wall which may stand 
the stress of increasing turgor. Therefore the protoplasm after the formation of new cells tends 
towards carbohydrate synthesis rather than protein synthesis [Priestley, 1928, 1929]. MacDougal 
[1919], in the leaves of Crassvlaceae, in the joints of cacti and in fruits, observed little increase of 
dry matter, although growth as measured by the change in form was recorded. The proportion 
of water and solid matter thus underwent but little change. Freeland [1933] observed in Bryo- 
phyllum that osmotic pressure of the margins of the proliferating leaves was in general higher than 
that of the paired, inactive leaves. By this osmotic action the volume of the plant cell increases 
several hundred times and yet contains very little extra protoplasm than before expansion began. 
This occurs without the expenditure of energy neces.sary to manufacture relatively large quantities 
of protoplasm. 

In the preceding section comparative exponential height growth curve values of varieties in 
the eight trials have been given in Tables I, II and VI. The exploratory correlations worked out 
have shown that althougli the value of initial rapidity of growth (A value) are correlated positively 
with the cane yield in all the eight trials, the extent of correlations is low and non-significant in all 
except two cases in which the significance of the coefficients between the two was high (Table XVII). 
This indicates that the initial rapidity of growth possessed by the varieties is not the chief factor 
on which the yield depends, other factors also modify the yield of the crop. 

Aho from the above quoted evidence it may be observed that as cell division and protein syn- 
thesis chiefly take place during the embryonic or early growdh of the crop and in the rapid elongation 
process the protein synthesis takes place at a low rate, early growth or initial potential of growkh 
must influence a good deal the total likely growth to be made by the plant, for, however favourable 
the environment in the rapid elongation period may be, the growth must be limited by the embryonic 
outlay in the plant in the formative stage. 

Table XVII 


Simmarized correlation coefficients 


Year 

Nature 
of the 
trial 

Nature 
of the 
crop 

Correlation 

Between A 
and 

mean yields 

coefficient 

Between h value 
and mean sucrose 
per cent 

] 940—1941 

Physiological ..... 

Plant 

+0*2B ■' 


1941—1942 

Medium-early 


■■ -1-0*326, ■ 

+0-926*** 

1941—1942 

Mid-season 

If 

+0*41 

+0-593 

1942—1943 

Medium-early ..... 


+0-818=^* 

+0*915*** 

1942—1943 

Mid-season . . . . . 

Ratoon 

+ 0*382 

+0*713* 

1942—1943 

Mid-season ...... 

i , +0*536"', 

+0-933*** 

1943—1944 

Medium -early . , . . . 

»* 

1 ■ +0-556 ■ 

+0-711* 

1943—1944 

Mid-season 

Plant 

1 ■ ■ 

' + 0-817** 

„■ -h 0*785* ■ ^ 


***IncUcates significance at r= 0*01 **Tndicate significance at -P=0*05 ^Indicates signifiean e at /^=0'10 


In other words with limited number of cells formed in the initial stage of plant life, however 
rapid and large tlie distension of cells may be, the total mass of tissues would remain small. Varieties 
possessing high initial rapidity of growth or A value generally have been observed to yield more than 
with low A value, 




The correlation coefficient values 

over the f postulated by Blackman [1919], He simply 

of h values J°^^Xction of ‘dry matter, while oxvr studies show that a variety may bj virtue 

referred to the rate of p _ arlhantaee and produce a larger amount of dry matter, but it may 

notliive'a larg^' ^lue or 

IlmmilatingVojc^th^ 

The values of relative rm^ Table XVIII. The differences in each of the trials m respect 

extending over three years ai ^ u -jilir Wn exnlained We discuss them from another aspect 

„t the 6 «lnes of the S thT™™ ^ ItoLly ttial v.riet,; Co281 had 

here. Briefly, 3 ^ lowest ; other varieties occiipieci; with slight ^ a niid- 

theffiighest value of 6 ^ Co3H^^ (nHie mid-season trial Co534 had the highest position m respect 

position beUeenth ^ther varieties indicated small differences amongst themse ves. Broadl> 

of b m allt level of efficiency of growth in the different years. 

this to be conferred by the genetical constitution of the varieties. 

Table XVIII 

■ Value of h in different years in plant crop 


Natvre of experiment 


Variety 


Medium-early series 


Mid-season series 


1941-1942 


0-01433 

0 - 0178.5 

0-01595 

0-01643 

0-01556 

0 - 01.544 

0-01687 

0 - 01.598 

0-01472 

0-01809 

0-01739 

0-01769 

0-01824 


1942-1943 


0-01284 

0-01848 

0-01842 

0-01786 

0-01653 

0-01829 

0-01686 

0-01677 

0-01744 

0-01886 

0-01742 

0-01537 

0-01948 


1943-1944 


0-01499 

0-01323 

0-01343 

0-01399 

0-01454 

0-01455 

0-02184 


the corap^^^ti^lata for the plant and ratoon crops of the mid- 
ratooning'^both b and ^ parameters are modified for instance. 

® ' ‘ Table XIX 

Mid-season series— plant versus ratoon crop 1942-1943 ... 

Gomp 7 .mon <^p.ran>eters A ardh wm acre yMds and mean su^ose perce^ ^ ^^^^^^ 

— ^ ^ ^ ^ ^ ^ — p - ' ' ■ ' ■ ■ ' ■ I Ratoon 


Variety 


Ratoon 


Mean Parameter Parameter 

vie in ml vie in md. value of suerose value of -sucrose 


Value of r= 


+ 0-382 


+ 0-636 


0-01686 

0-01677 

0-01744 

0-01885 

0-01742 

0-01537 

0-01948 


+ 0 - 713 * 


0-01396 

0-01474 

0 - 015.32 

0-01639 

0-01639 

0 - 02.393 

0-02181 


+ 0 - 933 *** 
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Co451 behaved ratlxer in an interesting manner. In spite of its maiiitainm yield 

level j almost equal to Co290 in the ratoon crop, it developed more sugar in j uice than the latter. The 
acciimxilation of high sugar was a consequence of the high efliciency of gr^ of the crop under 
consideration. On the contrary, Co331 developed iiiore in yield in ratooning and its efficiency 
index was lowered and a corresponding fall in sugar content of the juice was noticed. Evidently 
when the plant has a tendency to develop mass, it diverts its sugaivfor synthesis into cellulose and 
ill eiieet the sugar accumulation suffers, ivhich is indicated by a low growth efficiency of the crop. 
On the contrary, when there is a tendency to accumulate sugar, the crop tends to depress its yield, 
for its sugar does not transform into larger amount of cellulose which may allow greater distension 
in the cells. The ratoon crop obtains advantage of the time factor. Therefore, given the initial 
requirements of mineral matter, under favourable environment, not only the ratoon crop of the 
variety is able to accumulate greater growth in stalk lengtli but develop a greater relative growth 
rate generally, unless there is something genetically inhibiting in tJie variety, and thus accumulate 
more sugar in the plant. 

Interrelationship between A and b values and its interjnetatm^^ In general the data given in 
Tables I, III and VI revealed that when a variety indicated higli initial rapidity of growth, it 
very often possessed low efficiency index value and vice versa. This fact xcas found to hold good 
in all the four years in which eight trials had been conducted. Tli c probable explanation for it appears 
to be that 'when protein synthesis is active, meristem forms quickly and its outlay is greater and, 
in consequence, when the elongation process starts, meristem elongates in proportion, unless the 
plant suffers from water shortage to the total outlay of the meristem. The sugars in that period 
instead of accimmlating are utilized for greater cellulose formation, to strengthen the distending 
cell walls and not stored as saccharose in the cane stem. On the other hand, when the meristem 
developed in the embryonic stage is small, the total elongation that can take place is small and a 
small amount of hexoses is comparatively required for the formation of cellulose. When the maxi- 
mum requirement of cellulose for the fewer number of cells is satisfied the remaining sugars are accu- 
mulated in the form of cane sugar in the cane stem. As such, it is observed, that when J. value, 
or the initial rapidity of growth, is high in a variety, its corresponding h value is low and vice versa. 

Underground branching differences in varieties. In both the varietal trials, namely, medium- 
early and the mid-season series, very wdcle differences in tillering were observed amongst the varieties. 
Varieties with larger number of tillers matured earlier than others only in the former trial This 
partially, confirms the findings of Barber [1919]. Again, in both the trials varieties generally deve- 
loped, in the absence of any epidemic, more healthy shoots than those showing mortality. Thus 
the proportion of the matured stalks was larger than immature stalks. It Aras also noticed that 
the major portion of the millable canes was formed of the mother shoots together with b type of shoots 
or shoots of the second order and it is these shoots which should be encouraged in the season to 
contribute towards greater yield of the crop. Besides the mother shoots, second order shoots are 
the first to appear and since it is these which need eiicourageineiit it will not be too much to pre- 
sume that the crop manuring is indicated early in the season in this tract and shoiikl be applied in 
time to induce their rapid growth. Late manuring is likely to encourage greater production of c 
type of shoots which as we have noticed, remain immature or die prematurely. This happens, as 
Barber [1919] has pointed out, because of the lack of light space by which late developed shoots get 
at a disadvantage as they are overshadowed by their neighbours. He goes on to state, ' It is fairly 
certain that this death of shoots is not due to lack of food supply in the soil, for .this can and habi- 
tually is supposed to meet all possible needs. 

Light is perhaps the most important limiting factor as regards tillering I Besides the light factor, 
he has discussed the influence of soil moisture, manuring and spacing on tillering. He considers that 
these factors may limit tillering, they seldom cause high mortality under normal conditions. 

Millable cane values of varieties and crop estimation. Varieties exhibited as large variations 
in millable cane characters as in their underground branching. These~cane values point to the fact 
that where varieties have low germination or low tillering and the crop does not have a rapid initial 
start, the weight per unit length, height of the millable stalks, thickness of joints, etc., make up 
for the increase in the yield of the variety. The instance of variety Go419 may be cited in this 
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coBiiectioH. This variety on the wboie possesses a low tillering and a low A value, but this loss is made 
good by the larger girth of the caixe ancl greater of the stalks. Contrary to this, 

the vickl in Co312 is made up by greater tillering of the crop and a high A value of growth than 1>y 
the girth or length of the stalks. Thus it will be observed that though for a single variety crop esti- 
mation may be done by a vsimple formula as given by Shaw and Sweezy [1937], it is not possible to 
have a common, formula when varieties differ in so tiiany respects. It is, however, possible to fiiid 
out partial regression equations betAreeii yield as the dependent variable and other contributing 
factors as the independent ones, Sueh del^ived equations for the varieth^s Avould illustrate tlie con- 
tribution of each groAvth factor to the yield of the varieties. The possibilities of this procedure are 
now being investigated. 

■ '-'SUMMAEV, 


The paper deals Avith four years’ investigations on growtli in length in the various trials. In 
the year 1941-1942 the underground branching and millable cane characters of Avarieties in tAvo of 
the trials were also studied. 

Varieties exhibited Avide differences in all the eight trials in their cuiniilative groAvtli data year 
after year amongst the various varieties. In years Avith sliort formative periods the grand groAvtli 
period correspondingly incu'cased, AAhich helped the elongation process in cane stalks. The ratoon 
crop gained advantage over the plant crop in this manner end accumulated larger groAvth by harvest. 
Tlius it is sliOAvn that Avhere there is a time limit to the p riod of groAvth the ability to groAv rapidly 
is a. distinct advantage for the variety. 

Varieties possessing high A A^alues usually had low 6 values in the exponential height groAvth 
curves. The correlation coefficient values between tin* parameter 1) and mean sucrose percentage 
in juice over the entire ripening period. Avere significant in seven out of eight trials. The correlation 
values between A and the mean yield values of the varieties AA'ere Ioav and significant in tw^o out of 
eight trials only. Subject to environinental influences the varieties generally maintained a similar 
level of efficiency indices in the various years. This is presumed to be conferred b}^ the genetical 
constitution of the varieties. Ratooning modified the efficiency indices and initial rapidity of groAvtli 
values of the varieties. Tire significance of these results has been discussed in the paper. 

Studies on underground branching of A^arieties indicated that most of the crop of miilable stalks 
is formed of mother shoots together Avith shoots of the second order. Late formed shoots, pi'incipaJly 
composed of third order shoots, mostly remained immature or died prematurely. It is deduced 
from the results that early manuring will he helpful for inducing vigour in early formed tillers Avhicli 
mature into millable canes. 

Millable cane characters such as Aveight per unit length of the stalk, girth of joint, etc., may 
be contributing factors toAvards yield of tlie varieties AAhich possess Ioav initial potential of groAvtli 
and Ioav tillering per clump. The estimation of crop yield, therefore, cannot be based on a simple 
formula as suggested by some of the Haw'aiian workers. All these ffictors must be taken into account 
in w’orking out partial regression equations of yield for the different Amieties. 
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STUDIES IN TILLEEING AND ARROWING IN C042i AT ANAKAPALLE* 


By R. VAsrcKTARAO NAEBf. L.Ag., As,soc. I.A.K.i., and 31. Lakshmikaxtham, B.Sc. (Ac;.), Agri- 
' . ■ - cultural Research Station, Anakapalie 

(Becei^^ed for x>ublication on 7 March 1944) 

(With three text-figures) 

T illejhng and arrowing are two of the most important ftictors that infinenee yield in sugarcane. 

A variety which does not tiller well yields usually fewer canes per unit area, and hence may record 
lower yields. Arrowing limits vegetative development and therefore the yield. Normally canes put 
forth arrows in October-November in these parts. Although the grand period of growth extends only 
from June to October, non-flowering canes put on growth to a smaller or greater extent even later on. 
This amount of cane growth will be lost to the cultivator if varieties arrow in October or November. 

Several inherent and environmental factors affect tillering and arrowing. An experiment design- 
ed to study the influence of the age of shoots on their arrowing and juice quality was laid out at 
Anakapalie and was conducted for three consecutive years from 1940-1941 onwards. Information 
regarding tillering and incidence of shoot borers could also ])e gathered incidentally from this experi- 
ment and is presented below. 

Matbeial and methods 

Sugarcane is geiicrallj'' planted in this station in the month of ilarch. One budded sets of Go42l 
were planted'ten inches apart in the row and 2 ft. 8 in. apart between rows in about 20 cents of land. 

*This formed part of the work which id being carried out ah the Agricultural Beseareh Station, Anakapalie, in tb# 
scheme partly financed by the Imperial Council, of Agricultural Hesearch. Salient feature? of this paper were published 
in tlie Annual Reports of this station. 
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Station. ■ . ,,. 8 March dnring 1940-1941, 1941-1942 and 1942-1943 

Plantings ■were done on the o, 10 _ i;,,„ „UQi,j;, ] 000 plants were marked at random 

„spil:Welyr Stetiog from the f fC iV pl«ohs, 

each year, by labellmg them ^ Aotm m inteivals in the same manner as the 

from them were marked till the end „ . ^^oots which iust appeared above ground were 
parent shoots. On each day of marking ^ ^ ^ beginning of September fresh tillers which came 

SS “ISSJ=;l.i=r " “ ■” - “ " 
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Fig. 1. Labelling of plants 
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Mortality of shoots due to the incideaee of shoot borers was noted in this experlinent. Chemical 
analysis of juices of shoots which arose till about the end of May was also done during the three years 
this -experiment was conducted.. 

Results and dlsoussion 

Tillering and its penodicky. Marking of the " mother shoots * was completed by 31 March 
in the first yearj 28 March in the second year and 26 March in the third year of this experimeiit. 
From certain pot culture experiments Ramiah and Varahalu [1938] deduced that ^ there exists a 
minimum limit for the vegetative growth of any cane variety before the attainment of which no tillers 
would begin to form h From this experiment it was found that a minimum growth period of four 
days was required for a mother shoot to put forth a tiller in 1940-1941, five days in 1941-1942 and 
twelve days in 1942-1943. The following are the details — 


Table I 


Detmls of tillen ng 


1940-1941 

■ 

194M942 

1942-1943 

Bate of marking 
of mother shoot 

Earliest date 
of origin of 
a tiller 

Bate of marking 
of mother shoot 

Earliest date 
of origin of 
a tiller 

Bate of marking 
of mother shoot 

Earliest date 
of origin of 
a tiller 

19th March 
23rd March 
27th March 

31 st 3Iaroh 

.31st March 

3ist March 

31st March 

8th April 

24th March 
26th March 
2Sth March 

Ist April 

1st April 1 
9th April i 

i 

24th March 
26th March 
22nd March 

i 

3rd April 

1st April 

3rd April 


' Tillering is the muitiplication of shoots in the young plants from the lower short jointed portion 
of the stem inimdediately below the ground ’ [Barber, 1919]. According to Stubbs [ 1900] 
suckering depends largely upon room and there is no practical end to the process of suckering provi- 
ded ample roomisgiven. Light is perhaps, as Barber says, the most important factor affecting tiller- 
ing. According to Locsin [1936] also sun exposure is a limiting factor for cane growth. It deter- 
mines the maximum density of population in a field of cane. Hence before there is overcrowding of 
tillers and lack of iwni for further development, i.e., in the initial stages of the crop itself, it is 
reasonable to expect maximum tillering activity. The results of this experiment bear this out. 

During all the three years, ac-tive tillering phase commenced during the third week of April and 
extended till the end of May (Fig. 2), except during 1941-1942, w^hen there was a slight revival of the 
tillering activity towards the end of July. Less than one per cent of the total number of shoots arose 
on each day of marking earlier or later than this period. Hence maximum number of tillers in Co42i 
will be formed from the third week of April till the end of May in this locality. In a manurial experi- 
ment at Padegaon [1935-1936] in which single budded sets were planted by about the middle of Janu- 
ary, maximum numboi* of tillers were formed in April and May alone as at Anakapalle. 

Factors that injhienee the smrival and mortality of shoots. Stubbs {1900] at Louisiana observed 
that over one half of suckers formed died. According to Arceneau [1935] ‘ Invariably, however, 
more tillers are produced tlian can be successfully brought to maturity . Locsin reports from 
Philippines that the suckers reach a maximum number, 4 shoots per foot of i‘ow, when the cane is 4 
to 5 montlis old, declining afterwards to about 24 stalks per foot row. 

On an examination of the data in this experiment (Table II) it will be seen that the average 
number of shoots produced for every plant studied was 6*742 in the first year, 8491 in the second and 
6433 during the third year. Out of these only 3441, 2*065 and 1*937 shoots per plant survived during 
the three years respectively. 
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This progressive decline in the Butnber of surviving shoots wa-s due to the uiifavoiiralde climatic 
conditions during the second and third years (vide Appendix-- nieteorological tlata, .\uaka|>alle). 
.Distribution of ntinfaJl was even only in the firs^^ Relative humidity decrt*asetL in gimerai, pro- 

gress! v(dy from year to year and mean maximum temperatures iu the early stagt\s of <a*op growth 
increased gradually year after year. Among the surviving shoots at liarvc^st tinu* those that originated 
in April and May formed 78*52 per cent, 74*75 per cent and 74*32 per cent during the three years res- 
pectively. Thus the greatest number of successful tillers in the crop originated in the inontbs of 
April and May alone (Fig. 3). In the experiment at Padegaon [1935-1936] cited Ixdbre siniilar results 
were obtained. 

As regards the relationship between age of shoots and their snrvivul, it is seen from Table III 
tliat from March to June there was a progressive decrease and then a tendimt'v towurds increase in 
the percentage of surviving slioots to those originated in tlie same rnontli. 


Table III 

Number of shoots originated and the percentage of survimng shoots to those which arose 

in the same nionth 


Miinth 

1940-1941 

1941-1042 

1942-1943 

'I’otal 

shoots 

originated 

Surviving 

slioots 

Percentage 

Total 

.shoots 

originated 

Surviving 

shoots 

Percentage 

'rota I 
shoots 
originated 

Surviving 

shoots 

Percentage 

March 



1007 

727 

72-19 i 

995 

541 

. 54-32 

955 

451 

47-23 

April . 



2795 

1894 

07-70 

2752 

1195 

43-44 

2282 

1012 

44-34 

May . 



2819 i 

808 

28-66 

3572 

723 

20-24 

2314 

363 

15-69 

June . 



91 

6 

0-59 

324 

38 

11-11 

157 

' 

3-18 

July . 

. 


6 

•* 


482 

40 

8-29 

40 

4 

i 8-70 

August 


V . * ■ * 

. 24 

6 

25-00 

244 

31 

12-70 

: 103 

, 15 

14-56 


Total for the three years 


Month 

1 

. ■ ....1 

Total shoots 
originated 

iSurviving 

shoots 

■ Average 
percentage 

March . 








. 


. 

2957 

1719 

58*11 

April 

,''y . 


* 




• 




7829 

4091 

.52*26., . .. 

May 



. 




V 




8705 

1894 

21*76 

Jane . 











572 

47 

■ ■'.8.*22, V, 

July 

• 






• 



• 

534 

44 

' V8-24'' 

August . 







* 



• 

371 

52 

14*02 


Hence it is not so much the age but other factors, presumably space available, that determine the 
survival percentage of shoots. Another important point is that successful tillers that arose from 
June to August constituted a negligible percentage of the surviving populatiom They formed 0*35 
per cent, 4*17 per cent and 1*30 per cent respectively in the three years. 
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As ineBtioned already, iHortalit.y of shoots due to attack of shoot borers as opposed to other 
causes was noted in tliis experiment. Borer damage of stalks which survived even though a number 
of joints were attacked was not taken into account, The results are presented below (Ta]>le TV). 

Table IV 

Borer dmnage of shoots 


- 


1940-1041 


1941--1942 


1942-1943 


Number 

of 

slioots 

Mt>rtality 

in 

shoots 
due to 
borer 

Percen- No, of 

tage shoots 

Mortality 

ill 

shoots 
due to 
porer 

Pert-en- 

tage 

No. of 
shoots 

Mortality 

in 

shoots 
due to 
borer 

Percen- 

tage 

Mother shoots 

1000 

235 

23-5 905 

415 

41-71 

955 

483 ' 

51-10 

' IVfarch . 1 

7 








April . 

2705 

749 

26-SO 2752 

1270 

[ 46-15 

2282 

1203 

52-72 

May . ' , 

2819 

1444 

51-22 3572 

1732 

49-89 

i 2314 

1727 

7-1-63 ■ 

Tjller.s wliicji ori--< 









ginated Jiiue . 

91 

52 ■ 

57-14 324 

124 

38-27 

' 157 

99 

63-06 

July . 

6 

4 

G6-G7 482 

192 

,39-33 

46 

20 

43-48 

August 

24 

is;. 

50-00 244 

51 

20-90 

: 103 

25' 

24-27 


If we omit out of consideration the insignificant number of shoots that came up from June to 
August, mortality of ' mother ’ shoots due to incidence of borers is seen to be less than that in tillers. 
According to Arceneaux [1935] at Louisiana there was a gradual rise in the percentage of bored joints 
with a delay in the date of germination within the three sucker groups but the percentage of deaths 
among mother shoots was much higher than among suckers. This he considers is ‘ unquestionably 
due to the fact that borer death counts covered only the early growth period when borer damage was 
naturally concentrated on mother shoots and older suckers.’ The crop which Arceiieaux dealt with 
was planted on J October 1933. Mother shoots were marked on 11 April 1934. Group 
A suckers were marked on 20 April, group B suckers being selected on 29 May. The rest of 
the suckers were left untagged and constituted group C suckers. And these are the results of only 
one year’s experimentation. Unlike in this case, tillers which arose at particular intervals (4 days) 
were regularly marked' in this experiment (at Anakapalle) for a definite period during all the three 
years. Mortality of shoots due to borer damage was noted in all the diiferent age groups, but no 
account was taken of the damage done to individual joints in each stalk. To save space the whole 
data are not presented here. However, the range of the percentages of deaths due to borer attack 
In the mother shoots and tillers originating in the different months is furnished below (Table V). 

Table V 

Percentage of deaths dm to borer attach 


Hange of percentages of deaths due to l)orer attack 


Mother shoots 


Tilers which arose 


f April . 

May , 
^ June . 
July . 
August 


21-07 to 27-78 
16-67 to 34-50 
33-33 to 6M0 
40-00 to 76-02 
100 per cent 
26-67 to 100-00 


40-40 to 43-39 
38-77 to 83-33 
38-32 to 56-22 
33-33 to 60-71 
25-40 to 07-74 
0-67 to 35-29 


50-44 to 53-80 
40-00 to 57-68 
54-05 to 79-07 
50-00 to 87-50 
22-22 to 100-00 
14-29 to 75-00 


These results are at variance with those obtained by Arceneaux, 
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Arrotving. Several factors influence arrowing. The inherent teialency of* a variety, the seasonal 
piienomena, eflect of environDient, and influence of parents a I'o some of the factors. Among tfie 
environmental factors which influence the time of arrowing, one of tlic most imjxu'tant is sai<] trj he 
the photo period or the amount of sunlight received during the different growth periorls of sugarcane.*'^ 

It is evident from this experiment, that the age of shoot also plays an i!n|>ortant part with regard 
to arrowing. Co421 arrows here usually by about the middle or the third week of Novannber. 
Among the selected plants, shoots (mother shoots or tillers) that arose up to 18 May in 1940-1041, 
3 May in 1941-1942 and 13 May in 1942-1943 onty put forth arrows. A. minimmn grovvth 
of about six months is obviously necessary before a stalk of Co421 can arrow. 


Table VI 


Correlation between time of origin of alioot ami arrowing 


1940-1941 


1941-194 



1942-1943 

Date 

of 

liiarkiiig 

XuiLiber 

of 

iiviiijj: 

tillers 

X umber 
arrowed 

Number 

of 

caiics 
arrowed 
as a 
per 

ceiifcage 

of 

living 
tillers 
of the 
same 
age 

Date 

of 

marking 

Number 

of 

Ihlng 

tillers 

N umlxir 
arrowed 

Number 

of 

canes 
arroNved 
as a 
}>er- 
ceiitage 
of 

living 
tillers 
of the 
same 
age 

Datf3 

oi’ 

marking 

Numl»er 

oi’ 

ilving 

tillers 

Number 

arrowed 

Number 

of 

canes 
arrowed 
as a 
per- 
centage 
of 

living 
tillers 
of the 
same 
age 

(1) 

m 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

m : 

m 


{12) 

iOfcli March 

148 

48 

32-43 

24tii March 

127 

1 

0-70 

22nd Murcli 

276 

96 

34-06 

29r(i 

330 

93 

28-18 

26th ,j . 

285 

■2 

0-70 

21th „ 

105 


21- 01 

>7fch „ 

209 

39 

18-66' 

2Sth » 

126 


1-58 

26th 

70 


31-43 

iJlsfc ,, • 

40 

4 

10-00 

ist April 




30tli „ 



; 

4fch April 

8 

2 ■ 

25-00 

5th „ 

1 



3r(l April 

1 



Sfcli „ 

23 

■ 5 

21*74 

9th „ 

30 



7th „ 

3 

. 1 

33-34 

I'ith „ 

108 1 

24 

22-22 

13th „ 

63 



lltb „ 

13 

3 

. ,23*08, 

16bli „ 

191 

41 

21^47 

17th ,, . 

116 

1 

0-86 

15th „ 

50 

8 

16-00 

:iOth „ 

386 

SO 

20-73 

2lst „ . 

330 

■ 2 

0-56 

lOtlt „ 

, 177 

20 

16-39 

24fcli „ 

657 

87 

13-24 

25th „ . 

351 

2 

. ■ 0-57 ■ 

23 rd „ 

399 

99 

IG-54 

2StIi ,, 

521 

45 

8-64 

29tli „ 

276 



27th „ 

309 

36 

9-76 

2tid May 

337 

li2. 

3-56 

3rd May . 

119 

I 

0-84 

ist Slay 

• 

158 

10 

G*33 

6th ,, 

183 

6 

3-28 





51)1 „ 

130 

9 

7-14 

loth , 

126 

1 

0-79 





llth ,, 

28 

« 

7-14 

14th „ 

60 







13 th „ 

:24:' 

1 

416 

18th „ 

60 

1 

1-67 










*Anu Tial Beport of the Imperial Sugarcane Expert (period ending 30-6-1938), 
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The percentage of arrowed stalks to total living shoots at harvest time was 14-19 during the 
first year and 1(3*55 during the last year. In the second year there was very little ariwing (0-45 
per cent). Significant positive correlation, (value of r being -|-0*8687 and 4'fi*b482 at P—0‘05 in 
the first and third years respectively) was observed between age of shoot and arrowing in the first 
and third years. [For working out the correlation, the age of shoot is determined as follows : A 
definite date, end of November, by which time arrowing will be almost complete in this variety, is 
fixed. The interval (in days) between time of origin 19 March, 23 March etc., and 30 November 
is taken as the age of the shoots which arose on the different dates. The percentage of arrowing 
in each age group (Table VI) is known. Correlation coefficient is worked out from this data]. 

Juice quality. Age is an important factor that influences the sugar content of cane juice. Very 
young canes wdll be immature and have poor juice quality. Aged canes will be over ripe and may have 
poor quality juices. ‘ In subtropical regions like Louisiana where even the oldest shoots do not as a 
rule reach physiological maturity, the age differences involved, are generally regarded as ma.jor sources 
of variation in the sugar content of the juice’ [Arcencaux 1935]. 

Juices of the mother shoots and tillers which arose on different dates till 18 May in 194-0-1941, 
28 May in 1941d 942, and 21 May in 1942-1943 were analysed periodically for sucrose and purity 
values in this experiment. The number of analyses depended upon material available in the various 
shoots. Kesuits are furnished below (Table VII). 





4 I 

5 r 


e 

7 

S 

10 

11 

12 

13 I 


Table VII 


liemlU of ‘penodical analyses of juices of shoots arising on different da^s 


Date of origin of 

December 

January 

Marcl) 

April 

May 

Sucrose 
i)er cent 

Purity 
per cent 

.Sucrose 
per cent 

Purity 
per cent 

Sucrose 
per cent 

Purity 
per cent 

Sucrose 
per cent 

Purity 
per cent 

.Sucrose 
l»er cent 

Purity 
per cent 







1940-1*. 

)41 





I'JUi Mart.li 11)40 


11*87 

8.3*19 

16*30 

88*76 

17*29, 

88*70 

10*07 

(S8*37 

10*18 

. 88*09 

2ord ,, ,, 


14*17 

82*08 

10*90 

<S9*7S 

17*23 

(88*70 

1G*85 

88*04 

10*93 

89*97 „ 








V 





27tU „ 


14*88 

8.3*84 

16*31 

89*78 

18*43 

89* 93 

18*00 

89*23 

17*97 

89*78 

aist „ 


14*41 

84*39 

16*77 

88*28 

18*42 

89-37 

18*91 

90*99 

10*98 

' 89*19 

IGtii April . 


14*l:] 

89*93 

16*27 

87*98 

17*88 

88*92 

18*10 

89*49 

17*09 

89*41 

2Utli „ ,, 


14*46 

83*08 

16*96 

89*29 

17*89 

87*18 , 

17*70 

88*46 

17*44 

91*09 

24th 


14*21 

82*94 

15*96 

86*68 

17*11 

87*80 

18*36 

89*31 

17*20 

89*95 

28th „ 


14*19 

; 83*40 

16*22 

88*16 

17*86 

88*27 

17*80 

88*88 

17*04 

89*35 

2ii(l May . 


14*11 

89*84 

16*90 

87*62 

17*40 

87*72 

17*96 

, 88*73 

17*07 

90*23 

0th . 


19*67 

81*13 

10*25 

87*97 

18*08 

89*02 

18*20 

89*30 

18*13 

91*47 

loth „ „ . 


; i9*-88 , 

82*00 

; 16*12 ■■ 

8/ *95 







14th „ . . 

* 

19 *40 

89*0*2 

: 15*04 

85*15 







18th . 


15*99 

80*69 

!''■ '14*83: 

84*96 
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These figures do not suggest any particular trend in the quality of juices. Even Arceneaiix 
[1935] observed very slight clifferences in indicated yield of sugar per ton of cane between mother 
stalks marked on 11 April and suckers of the two older groups marked on 20 April and 29 May 
respectively, Locsin [1936] reported that stalks of various orders, up to the 5th, came to maturity at 
about the same time although their start in light is several months apart. In this experiment the 
maximum age difference between the shoots, whose juice was analysed, was only about two months. 
This confirms the findings of Varahalu [1936] who said ' it is not only the age but more potent than 
this in controlling the performance and the maturity of a cane are the seasons of the year through 
which the crop passes during its stand, the order in which it faces several seasons and the duration of 
its stay in each one of them’. Shoots which arose by about the end of March as also those which 
originated by about the end of May together passed through the ' boom ’ stage (June to October) 
when there is maximum vegetative development as well as the succeeding winter months, when 
growth is arrested, and the concentration of cane juices increases. Hence perhaj)s, there was no 
marked difference in the quality of juices from the different shoots which were analysed in this exjieri- 
ment. 



Summary 

Several factors afi^ct yield of sugarcane. Age of crop is one such. Its relationship with tillering, 
arrowing and the juice quality of different shoots, under normal conditions of manuring and irriga- 
tion was studied at Anakapalle during three consecutive seasons, 1940-1941, 1941-1942 and 1942- 
1943, The variety under trial was Co42L 
The following conclusions are drawn : 

(1) When plantings are done by about the 10th of March, active tillering phase begins by about the 

third week of April and extends till the end of May. 

(2) The minimum period of growth for a shoot to produce a tiller is four days. 

(3) Greatest number of successful tillers originate before the end of May. Hence manuring and other 

operations designed to improve tillering in this variety will have to be finished earlier than 
this month. Very few tillers usually arise from June onwards and they can be removed. 

(4) Mortality of mother shoots due to borer attack is less than in tillers. 

(6) Age of shoot and arrowing are positively correlated. 

(6) There is no appreciable difference in the juice quality of shoots Avhich conie up till about the end 
of May. The maturity of all the stalks at harvest time will more or less be uniform if all of 
them originated before the end of May. 
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INFLUENCE OP SOIL MOISTURE ON THE YIELD OP PADDY 

By M. N. Chakladab, M.Sc., Ph.D., Physical Chemist, Department of Agriculture, Bengal 

(Eeceived for publication on 8 October 1945) 

(WitluPlatea XVII & XVin and two text-figures) 

n ICE is the main staple crop in Bengal. It is grown all over the province under variet.^ of 
■Tveonditions which vary from water standing several feet deep on the field, in the case o t 

PCien rrrown in low Iving areas it is harvested before the entrance of flood watei. . ^ , 

to the soil reduces the water recpiirement. 

01 1 n 0901 ^hown that draining the rice fields at certain stages to be replaced by fiesli 

[.9B51 found thy the tr.ntpMon yt.o fot n,co 

T'‘'“ 

cracked J. _ .^^ter for about three weeks immediately after transplantation both m the 

exact moisture conditions of the soil beyond f ^ f ree jtages investigation 

rsnn“appUodftdiffete„ti,^ 

^Ho..,., he the .,n».it>. ...d mte™, 

’''‘Te f4=fA"ooited .ithy« p«d% t^hrLzrprdXir^enirs s 

the field or any water logging but pie en, . poninleted in 80-90 days' The sowing tune 

D,ecrFa.m properties of this soil will be deseribed elsewtoel 

T„ tirexperiLnt the soil was kept under three morsfure cond.t.ons, via. 

(1) 75 per cent of the maximum saturation capacity. 

(2) 50 per cent ,, » ” 

(3) 33 per cent „ >< ” _ 

111 these soils were allowed to dry for some definite periods after each addition of water. Tims 
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which is not desirable in an experiment like this. Therefore the loss due to evaporation was reduced 
to a minimum by tightly covering the pots 

'Ihe soil was thoroiighly mixed with cowdung at the rate of 200 gm. of eowdung per 13 kilos of 
soil. The manured soil was then gradually packed in tin pots (10 in. X 10 in.X 10 in.). Before in- 
troducing the soil a perforated earthen pot was placed in an inverted position at the bottom of each 
tin pot. Th is perforated earthen pot served as an air chamber to facilitate root respiration. A glass 
tube about | in. in diameter was introduced in the tin pot through an opening in the wall of the pot 
and finally let into the inverted earthen pot. Thus the interior of the air chamber was in direct 
communication with the outside air. Calculated quantity of water necessary to bring the soil to the 
requisite percentage was sprinkled over the soil. After each addition the soil was thoroughly mixed 
so that water maybe nniformly distributed in the soil. The pots were then kept over night 
i to ensure absorption of water by soil. Aus paddy seedlings about three weeks old was 
transplanted one in each pot. The open faces of the pots were tightly covered with rubber cloth 
which had a perforation at the centre through which the plants were let out. The opening round 
the plant was plugged with cotton so that there may not be any loss of moisture due to evaporation. 
In spite of these precantions certain amount of water evaporated oft’ which was indicated by the loss 
of weight in the control pots which were similarly treated but no plants were put in. The reason for 
adopting such a drastic measure to check the loss of moisture due to evaporation is that the evapora- 
tion will cause unequal distribution of moisture in the soil— th(v top soil will be more afi’ected than the 
soil occupying the lower layers. This sort of unequal distribution of moisture is most objectionable 
in such an experiment. 

The selection of seedlings presented some difficulty. It has already been mentioned that only 
one seedling was put in each pot so that uniformity of seedlings is essential. Utmost care was taken 
in selecting plants of equal strength and growth. The selection was based on the number of leaves, 
the thickness of the stem, the height, etc. After transplantation the pots were kept in a shady place 
for three or four days in order that the plants may easily take roots. Any plant which 
showed abnormal growth was replaced by a normal one. Generally it was found that there is liardly 
any necessity of replacement. 

The real experiment was started after 10 days from the day of transplantation when the pots 
were all weighed and brought to the required saturation by the addition of water where necessary. 
Thus before starting the experiment, the soil in all the pots of the first series had 33 per cent saturk- 
tion, second 50 per cent and the third 75 per cent. 

The pots in each of the three series were divided into seven groups, each group containing 4 pots, 
and one group from each series was watered after a definite interval of time. The arrangements of 
the pots in series and groups and the watering periods are shown in Table I. 

Table I 


Arrangement of pots in series and groups and the watering periods 


Particulars 

33 per cent 
saturation 
1st series 

50 per cent 
saturation 
2ud series 

75 per cent 
saturation 
3rd series 

Period of watering 

First group 

No. of pots 

4 

No. of pots 
■4 

No. of pots 
4' 

Every 4th day 

Second group . 

4 

' 4 ' 

■ ■ ■■4' ■■ 

j „ 7tli day 

Third group ....... 

■4;. 

■ 4 

4 : 

„ 10th day 

Fourth group ....... 

4 

. . 4 ■ 

4^, 

„ 1,3 th day 

Fifth group 

■ 4X- 

4 

4 

„ IGth day 

Sis:th group ....... 

i-' ■■ ■ 4 . ■ 

4 

4 

„ 19th day 

Seventh group ....... 

4 

4 

4 

„ 22nd day 


As regards the 4th series, 4 pots had 20 per cent saturation and 4 pots 25 per cent saturation and 
another 4 pots had 33 per cent saturation. 

All the pots in the 4th series were watered every day to bring them to the initial saturation. 

■ ■■■X''-:':'''./-': ' -■ 
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The pots \Tere placed on trollies and exposed to siin and light diiriug the day but were carefiilly 
protected from rain. The loss of moisture from the pots w as thus w holly due to transpiration and 




To'tal Number of Tillers o- 
SEBO fORMlNB TiLLBRS 



1 to fS 

mT£RiN$ fNTiRVAL iN DAYS 



Fio. 1. Saturation and namber of tillers 

building up of the tissues. The loss due to evaporation from the control pots was negligible in coin“ 
parison with the loss due to other causes. In no case did the daily loss from the control pots exceed 
20 c.c. of water per day. The average daily loss in the control pots was 10 c*c. per day. 

All the pots in the 4th series were daily weighed and watered to the initial saturation while the pots 
of the other series were weighed after the intervals shown in Table I and water added to each pot to 
bring them to the same water content which they had at the beginning. Thus the pots of the three 
series were subjected to a drought varying from 2 to 20 days. None of the plants stiff ered much 
during the early period of growth when the water requirements were very small but the plants of the 
33 per cent saturation series totally lost their potentialities during the latter period even after a lack 
of water for 2 days as was manifest from their failure to form seed. 

The plants of the other series could more or less resist drought up to a maximum of 12 days but 
the yield was so poor that they may be regarded as total failures. 

Fig. 1 shows that none of the pots of 33 per cent saturation formed seeds though some of them 
flowered, while most of the plants in the other series flowered but those which were subjected to a 
drought of more than 10 days did not form seed. Groups 1, 2 and 3 of the second and third series 
formed seed showing that water is essentially necessary during the flowering stage for seed formation. 

It will be seen from the Figs. 1 and 2 that in 75 per cent saturation series the number of tillers 
rnui the yield of straw jump up in the second group with six days watering interval and then gradually 
fall down as the interval of watering is increased while in the case of 50 per cent saturation both the 
number of tillers and the yield of straw fall down systematically with the increase in the watering 
interval. In 33 per cent saturation the crop is practically a failure one and the watering interval has 
no appreciable effect either on the tillering or on the yield of straw* 
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Aiiotiier iiiteresting feature brought to liglit in course of tliis experiiHeiit is tliat there are critical 
stages ill the growth of the plants when absence of suliicient water causes total damage to the crop. 


g7-5' 
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S V ^ 
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WATERING INTERVAL IN DAYS 


Fig. 2. Saturation and seed formation 


Externally the plants wilt and if this ^wilting continues for some time, some of the more tender 
parts specially the root hairs are destroyed. The result is that it checks the development of flower 
buds and the formation of seeds. In the fourth series of pots, which were watered daily, there was a 
progressive improvement in growth as the saturation increased (Plate XVII). The plants which iverc 
kept at 20 per cent saturation, i.e. at 9-2 per cent moisture content, a value slightly above the vvilting 
point of soil though showed healthy growth, did not flower with exception of one. 


Plants at 25 per cent saturation formed seed but not as good as the plants in 33 per cent satura- 


The seed formation at 33 per cent saturation, watered daily, was as good as 75 jjer cent satura- 
tion watered every fourth day. The vegetative growth was best in. 75 per cent saturation watered 
every seventh day but was not as good as fourth day group in seed formation (Figs. I and 2). 


Table II 

A nali/sis of variance — sfra w 


Partiiciilars 

Degree of 
freedom 

Siitn of 
squares 

Mean 

squares 

Interval 

. ' '■ .■ ■ ■ ■ 5 

447'n 

74-53 

Per cent saturation . 

.■ ■' . . 2 . 

1951*44 

975-72 

Interaction .... 

12 

159-96 

13-33 


26 

2558-r)7 


■Residual ..... 

. . . 63 

227-90 

3-(:)2 

Total 

83 

2786*47 

1*903 




Tablis lil 


Analysis of variance— Aillers 


Particulars 

Degree of 
freedom 

Sum of 
squares 

Mean ■ 
squares 

■ S,D. 

Interval . . . . 

6 

2432 

405*3 


Per cent saturation . . . . . 

2 

4781 

2390*5 : ■ 


Interaction 

12 

1450 

120*8 i 

^ .. .. 


fefesidual . . . . . , i 

20 

8636 



63 

2027 

32*17 

: 5*67 


Total . ..... . . . 83 10690 

8.M.=5-m 


Table IV 
Height of the plants 


Particulars 


Interval . 

Per cent saturation 
Interaction 


Itesidual 


Total 


Degree of 
freedom 


6 

2 

12 


20 

03 


Sum of 
squares 


540*96 

1365*09 

67-02 


1973*07 

410*20 


Mean 

squares 


90*10 

682*54 

5*03 


0*51 


83 


2383*87 


S.D. 


2*55 



On examining tlie I'esiilts iii tlie above analyses it will be found that the effect of percentage 
difference in saturation is more pronounced in height, tillering and in the yield of straw than the 
interval though highly significant improvement is noticed as the interval is decreased in the same 
saturation. The most striking point is that every seventh day watering group of 75 per cent satura- 
tion series recorded the highest yield in straw and better than every fourth day ’^Natering group of the 
same series, while the yield of grain has been much better in every fourth day watering group, indi- 
cates that with 75 per cent saturation, watering every fourth day during the early stage of growth is 
detrimental to tillering but essential for seed formation. 

A photographic examination of the plants (Plate XVIIl) shows that ott 12th J uly 1935 every 
fourth day watering group of 50 per cent saturation is better than the same group of 75 per cent series. 
But the final photographs taken immediately before harvest (Plate XVlII) show that all the groups of 
75 per cent saturation are decidedly better than the respective groups of the other series. 

■ ■■■ Summary '' 

The water requirements of rice plants in terms of soil moisture has been investigated. The 
experiment was conducted in the pot culture house. The soil was initially kept in throe moisture 
conditions called series 

(1) 33 per cent of the soil Siituration capacity 

(2) 50 per cent ,, „ ?? 

(3) 75 per ce.ut „ 
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PLATE XYll 


Effect of watering on the growth of paddy. Top : Watering every day. Centre: Watering every 4th 

day. Below : Watering every 7th day 
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PLATE XVIII 


Effect of watering on the growth of paddy. Top : Watering every day. Centre : Watering every 3rd 

day. Below : Watering every 6th day 
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Eaclr series was, sub-divided, into seven, groups and each g.:roiip was watered, after intervals^ of 
3 days, 6 days, 9 daySr and so on up to 21 days. 

It has been found that during the early stages of growth the plants were not much affected by 
the interval of watering. But during the latter stages they were so affected as to result in a total 
^ failure of the crop. Thus the plants could not stand watering at the interval of 3 days, 6 days, and 
9 days in the cases of 33 per cent, 50 per cent and 75 per cent saturations respectively. 

In tlie case of the 75 per cent saturation series, every seventh day watering group recorded higher 
yield in straw than every fourth day watering group of the same seties, while the yield of the grain 
was better in every fourth day watering group of 75 per cent saturation series. The conclusion is 
that excessive water at the early stages of growth of paddy is detrimental to tillering but essential 
for seed formation. Further the effect of percentage difference from series to series is not so pronounc- 
ed as that of the intervaL 
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SOILS OF BENGAL AND THEIB PHYSICO-CHEMICAL CLASSIFICATION 

By M. N. ChakLx4dar, M.Sc.j Ph.D., Physical Chemist, Department of Agrieulture, Bengal 

(Received for publication on 8 October 1943) 

(With four text-figures) 

T 3 BNGAL is intersected by a net work of rivers and channels which derive their origin from 
-P different sources and pass through different tracts before entering Bengal. Tliey naturally 
carry deposits of c|ui.te different character and composition. The soils of the province' are, therefo,re, 
greatly influenced by these rivers* Apart from the river alluvium a considerable portion of the 
province is occupied by sedentary soil A broad classification of the soils on the basis of their physico- 
chemical characteristics has been attemi)ted here. 

The soils of the province can thus be broadly ptit into two great divisions, the alluvial and the 
sedentary. The bulk of the soil of the province is alluvial while sedentary soils can be found only 
in the districts of Bankura, Birbhum, Midnapore, Burdwan, Jalpaiguri and Darjeeling. In these 
parts of: the province the rock materials of which the soil is formed are still undergoing transforma- 
tion. In some places the top few feet are covered with a culturable soil while below it uiidecomposed 
rocky strata can be found. 

The alluvial soil of the Province can again be divided into two grou])s, the red soil and the new 
alluvial soil. Apart from the ph}^sical and chemical characteristics, the red soil is distinguished 
from the new alluvial soil by the characteristic xed colour. The Madhupur Jungle tract of East 
Bengal and the Barind tract of North Bengal form the bulk of this red soil. The rest of the province 
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is under tlie new alluvial soil. The area covered by tlie new alluyiat soil is much greater than the 
area covered by the other twOj the red soils and the sedentary soils. These are the main outlines of 
the principal soil divisiohs of the presidency: 

The red soil represent a type of sahdy loam with increasing percentage of clay in the lower 
horizon. They are very poor in organic matter and are highly aeid in reaction. The chemical 
coinposition vshovs that they are poor in lime and phosphoric acid but moderately rich in potash 
(TableT).'^' 

The sedentary soils of the Burdwan Division which are also deficient in lime and phosphoric 
acid differ widely in physical characteristics from the red soils of the Madhupur Jungle tract; These 
soils are full of gravels of various sizes and shapes which are still undergoing further disintegration. 
The surface soi] is full of concretionery materials and in some places the concretions have attained 
such a development as to preclude the growth of vegetation. 

The new alluvial soils represent the largest and the most important soil divisions of the Province. 
They vary from fairly coarse sand on the clmrs (island in rivers) and on the banks of the rivers to soils 
of very close texture on the low lying (marshes) tracts. The new alluvial soils are generally very 
rich in plant food and grow all sorts of crops. 


List of soils used 


Methods employed 


Sample Ho. 

Locality 

Description 

Pb. 10 , . , 

Barisal . . . 

Grey with white tint. New alluvial soil of recent origin 

Ps. 16 . , . 

Nadia . 

Grey, New alluvial soil (Gangetic) 

Ps. 17 . . . 

Bankura 

Laterite soil» Sedentary. Red with brown tint 

Ps. 18 . . . 

Burdwan 

Deep brown with reddish tint, Laterite soil 

Ps. 19 . . . 

Dacca Madhupur Jungle tract 

Red with yellow tint, alluvial soil, highland 

Ps. 20 

Dacca . . . ‘ . 

Grey. New alluvial soil 

Ps. 21 . 

Dacctv Madhupur Jungle tract 

Reddish brown, allindal soil, lowland 

Ps.22 . . . . ; 

Raiigpur . . . 

Grey, wdth ashy tint, mixed w’ith micaceous flakes, 'L esta silt 

Ps. 23. . 

Rajahahi . . . .• 

Grey, new' alluvial soil, Ganges silt 

Ps. 24 . . . 

Dina j pur .... 

Grey, new alluvial soil 

Ps. 25 

Chittagong .... 

Grey W'itli white tint, alluvial deposit at the extreme etid of 
tfie Sltakuud Hills ^ 

Ps. 26 

Alidtuipore .... 

Brow'ii wdtli yellow' tint, laterite soil 

Ps. 27 . . . 

Mritadaspur (Birbhum district) 

Brown -with yellow tint, laterite soil, .Sedentary 

Ps. 14 . . . 

Birhhum ..... 

Brown with yellow' tint, laterite soil. Sedentary 


The soil samples were prepared by passing througli 1 mm. sieve with round lioles. 

Loss on ignition. About 10 gm. of air dry soil vas ignited in a platinum basin over a bujisen 
flame until constant weight was .obtained. 

Mechanical analysis. Clay and silt was determined by international Uicthod. 

Moisture holding capacity was determined by Keen and Eaezkowski method [ J921 J as modified 
by Coutts[ 19:30]. 

Moisture content at lialf saturation was determined by Keen and Coutts [ 1928 ] methods. 
Chemical analysis was clone by the Standard A.O.A.C. method. 
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Table I 


(Jhem icnl amtlyms of soils — Laterite and mi' sail group 


Name of soila 

Insoluble 

reskliie 

percentage 

K,0 

total 

percentage 

OaO 

total 

percentage 

■ MgO 
total 

percentage 

P 3 O, ' ■ 
total 

percentage 

Nitrogen 
. percentage 

Ps, 14 . . 

93-86 

0*26 

0-11 

0-12 

0-030 

0-030 

Fa.l7 . . 

SI- 19 

1>26 

0-37 

1 « « 

0-028 

0-032 ' : 

Ps. 18 

84-34 

0-58 

0-47 

0*67 

0-029 

, ■ ■0-042 

Ps, 19 

83-93 

0-75 

0-16 

0-35 

0-058 

0-084 

Ps, 21 ' ■ . 

84-58 

0-71 

0-09S 

0*31 

0-047 

O'U 

Ps. 26 . . . 

90-15 

0-272 

0-202 

0-152 

0-018 

0-040 


Other group 


Ps. 10 . . . 

76-95 

1-01 

2-20 

1-97 

0-14 

0*110 

Ps, 16 . . , 

85-83 

0-915 

0-579 

0-85 

0-249 

0-003 

Ps. 20 . 

79-95 

0-98 

1-35 

i-94 

0-128 

0-030 

Pa. 22 ■ . ■ . 

79*50 

M 8 

0-26 

1-77 

0-103 

0-100 

Ps. 23 

71-80 

1-41 

2-97 

2-11 

0-128 

0-105 

Ps. 24 

81*83 

0-779 

0-279 

1-133 

0-083 

0-039 


Table II 

Composit ion of the clay f raction — Laierite a tid red soil group 



Silica 

FegOa 

ALO 3 

SioJAbOg 

SiOj/RA 

Dacca (H) (Ps. 19) . 



39-00 

9-00 

25-33 

2-60 

2-162 

Suri (Ps. 14) 



44-91 

11-37 

25-35 

3-00 

2-336 

Bankiira (Pa. 17) 



44-73 

12-70 

26-35 

2-88 

2-203 

Bard wan (Ps. 18) 



45-27 

11-76 

23-04 

3*30 

2-515 , 

Dacca (Low) (Ps. 21) 



39-30 

7-44 

27-935 

2-40 

2*040 

Midnapur (Ps. 20) 


' 

38-26 

11-03 

29-12 

2-20 ' 

1*795' ' 


Other group 


Barisai (Ps. 10) . . . 

•44-00 

14-19 

22-385 

3-37 

2-405 

Eangpur(Ps. 22) . . , . 

39-52 

12-39 

26-735 

2-48 ■ 

1-930 

Rajshahi (Ps. 23) 

43-08 

14-74 

22-95 

3-57 ' 

2-258 

Dacca (silt) (Ps. 20) . . . - . 

48-32 

11-19 

25-06 

3-27 

2-540 

Nadia (Ps. 16) 

44-14 

12-66 

24-09 

3-11 

2*328 

Dinajpur (Ps. 24) . . . , 1 

38-44 

11-46 

27-12 

2-40 

1-893 


The chemical analysis in Table I shows that the soils of the so-called laterite and red soil group 
are poorer than the soils of the other group in all the constituents particularly in phosphoric acid 
and potash. The nitrogen figures in general are also lower in the 1st group than that in the other 
group. Ps. 21 which is a low land soil is however a solitary exception in the 1st group. 

It was expected that the composition of the clay fraction would give a valuable information 
as to the nature of the soils and would thereby furnish a dependable basis of classification. But it 
is practically of no value in this particular case. The figures for silica/alumina ratio in Table II is 
rather misleading. The ratios in all cases is above 2*00. Therefore according to the definition of 
Martin and Doyne [ 1930 ] none of the soils fall under the group ' laterite At any rate these soils 
form a group themselves and are quite different from the soils of the other group and are more akin 
to the laterite soils. In absence of any morphological study no definite conclusion is possible nt this 
stage. 

A scrutiny of the figures in Table 11. however, shows that the Silica/Alliimina*ratio of the non- 
laterite group is slightly higher. But no sharp line of demarkation is possible. The PeoO.-j figures 
in the so-called laterite group is definitely lower than those in the ncm-laterite group. This does 
not however mean much in the matter of classification* 
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Table III 

Mechanical analysis— Lalerite and red. .soil group 
Sample No. Gla; 


OthfiT group 


Glay 

Silt 

9*00 


20*35 

7*45 

13*13 

12*22 

23*90 

■ 27*02 

27*05 1 

.'34*80 

14*45 1 

,23*55 

19*90 J 

21*25 

18*00 

38*00 

15*50 

29*10 

21*25 

58*05 

11*55 

23*50 

18*70 

33*62 

16*10 

27*95 

12*75 

42*75 


Table IV 

Results of physical measurements— TAiterite and red. soil group 



Boil No. 

Lovss on 
ignition 

Percent- 
age of 
moisture 
at 50 
per cent 
humidity 

Apparent 

.^p.gr. 

Percent- 
age of 
water 
holding 
capacity 

Percent- 
age of 
pore 
space 



Real 
sp. gr. 

Percent- 
age of 
volume 
expansion 

Percent- 
age of 
sticky 
point 
moisture 

Ps. 14 


1*54 

0*07 

1*57 

28*30 

41*50 

2*50 

4*90 

12*10 

Ps. 17 


3*50 

0*54 

1 1*41 

I 31*45 

42*15 

2*31 

6*13 

! 15*10 

Ps. 18 


3*39 

0*87 

1 1*20 

1 39*50 

46*70 

2*31 

11*40 

20-04 

Ps. 19 


4*29 

M5 

1*28 

! 46*60 

52*00 

2*43 

8*56 

28*43 

Ps. 21 


4*42 

1*26 

1*24 

^ 54*20 

56*70 

2*42 

12*97 

29*75, 

Ps. 20 


3*10 

« » 

1*47 

; 32*91 

42*20 

2^28 

9*70 

16*50 

Ps. 27 


2*37 


1*51 

! 28*12 

40*20 

2*39 

6*3() 

15*60 


Other group 


Ps. 10 . 



3*67 

M2 

1*14 

S6-60 

56*29 

2*35 

10*35 

29*33 

Ps. 16 . 



1*97 

0*59 

1*32 

49*20 

56*80 

2*20 

10*50 

25*18 

P3.20 . 



3*58 

1*69 

109 

60*41 

57*53 

2*23 

12*11 

37*00 

Ps. 22 . 

^ , 


4*30 

0*89 

1*16 

51*95 

54*89 

2*36 

6*50 

29-70 

Ps.23 . 



4*98 

1*67 

1*07 

61*50 

59*61 

2*42, 

8*25 

,25*06.,. 

Ps. 24 . 



4-44 


1*32 

46*37 

53*88 

2*52 

8*50 

•25*25". .' 

Ps. 25 . 

- 


3*61 


1*28 

44*12 

55*84 

2*86 

8*26 

27*8,1 .' 


Soil exhibits certain characteristic physico-chemical behaviour specially when associated with 
water. A detailed study of the physical properties of the moist soil was, therefore, mitiated with a 
view to elucidate the general character of these soils by a quantitative assessment of one property 
or a group of properties. 

Mechanical analysis, however, furnishes a valuable information regarding the make up of the 
soil but such data do not provide any basis of specification. The soil character is not influenced so 
much by the size of the different particles, of which the soil is made up, as by their inherent character. 
The latter influences the moisture relationship to such an extent that this relation serves as a valuable 
guide for the proper specification of the soil. 

Keen and .Coutts [ 1928 ] stressed the importance of specifying the soil by a single number and 
introduced the term ‘ single value soil constant ’ and such methods were given the name ‘ single 
value determination These authors critically examined some of the values such as the moisture 
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content at 50 per cent relative luimidity (R), loss on ignition (I), and sticky ])oint irioistnr<* (S) against 
the clay fraction (C), The correlations between the different constants were v/oikeil out hy Fislier s 
method and they obtained definitely significant coefficients. Their figures are given Ixfiow: 


. . — , ■ 

Original soil 


Fero?dde treated sol! , . ■' 


I 

, R 

S 


I R S 

c 

0*B64 

0*719 

0*317 

C 

0-6C2 0-760 0-67S 

I 


0*388 

0*865 

' I 

0-380 0-879 

:r 


• * 

0*503 

B 

0-584 


The highest figures were obtained in the case of C and R and also in the case of S and 1. 

' They also calculated the partial correlation between C and R where I was eliminated and between 

^ * S and I where C was eliminated and concluded that the value of the sticky point is largely controlled 

i by the material in the soil that is driven off by ignition while the moisture content at half vapour 

pressure is controlled more by the clay content. Sen and Deb [ 1941 ] from a similar study of the 
1 Indian laterite and red soils observed that the moisture content at half saturation and the stickly 

point are largely controlled by the material in the soil that is driven off by ignition. 

[ The figures in Table IV show that the new alluvial soils of Bengal have liiglier moisture holding 

f capacity and higher sticky point moisture and retain more moisture at half saturation than the 

( laterite and the red soils having the same clay content. The volume expansion on swelling is also 

i higher in the case of the new alluvia] soils than the soils of the other group. Similar observations 

were made by Hardy [ 1923 ] who found comparatively low sticky point for soils having low silica/ 
alumina ratio. The same author [ 1925 ] also reported low swelling coeffi(3ients for the laterite soils 
of Barbados and Dominica. Marchand and Van der Merwe [ 1926 ] obtained similar results in the 
( case of the Transvaal soils, 

f For a proper understanding of the character of the soils of Bengal a comparative study of some 

] of the physical constants such as the water holding capacity (m), pore space (p), sticky point moisture 

(s), volume expansion (v) in Table IV, on the one hand and the clay content (c) on the other has 
! been made. 
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Later He & Red Soils O 
Nonfaierite Sods x 


Ft6. 2. Percentage of clay 
Fig, 2. Scatter diagram of soils 


iatente & Red SoHsO 
Non da terite Soils x 


Pig, 3, Scatter diagram of soils 

The correlation coeiEcients are given below ; 

'•■.■'"■€p=0434,'' ■ ■ ' 

Cs=0*507, 

Cv=0^65], 

It is clear from the above figures that the clay eontent of the Bengal soils bears no relation with 
any of the constants, Keen and Raczkowski [1921 ] found that these constants are linearly related 
with the clay content, Keen and Coutts [ 1928 ] report high correlation coefficient for a number 
of British soils. Marchand [ 1924 ] and Coutts [ 1929 ] in the case of the Transvaal and Natal soils 
respectively found high correlation coefficient between the, above values. The red soils and the 
Indian laterite soils also show high correlation coefficient between the above values except in the 
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case of voluBie expansion [ Sen alid Deb 1941 ]* These authors could not discover anj relation 
between the volume expansion and the clay content. 

The absence of any association between any of the above values and the clay content in the 
case of the Bengal soils led the author to examine the values in more detail. Each of the values 
were plotted against the clay content for further scrutiny. It may be seen from the scatter diagrams 
in Figs. 1“4 that the soils examined here fall under twm different groups. The laterite and the red 
soils fall under one group and the rest, i.e. the non-laterite or rather the new alluvial soils, in another. 
The values in each group are associated wdth the clay content. It therefore suggests that these 
soils deserve to be examined separately and cannot be pooled up together. These associations 


Lat^nU B, ^ed Soils 0 
Non-faieHte Soils it 



FIG. of c/ay 

Fig. 4. Scatter diagram of soils 

between the different values and the clay content when expressed in terms of correlation co -efficient 
for each group give the following values : 


Laterite and 
red soil 
group 


Non-laterite 

group 


It will be seen from the above that the correlation coefficient in the case of the laterite and 
the red soils are significant at 1 per cent level in all cases except iii the case of the volume expansion. 
In the other group, however, significant values are obtained only in the case of moisture holding 
capacity and volume expansion and that too just at 5 per cent level of significauce. 

The regression equations are : 

c=0-951j 3-26-96 } ^ or sods of laterite group. 

Si'oSJ- 44?64 } For non-laterite group. 

These values are different from w^hat was obtained by Sen and Deb [ 1941 J, vi/.. 

c=0'9296 — 8*935. 

0=1*367 p— 32*085. 

Q*2 
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also rep tliat in 30-40 per cent cases the relations break down. Similar observations 
were made by Marcliand [ 1924 ] . The results obtained here show little difference between tlie 
observed and the calculated values. 


■ ■■ Summary ' 

A physico-chemical classification of the soils of Bengal based on moisture relationship has been 
attempted. The classification suggests the possibility of grouping the soils under two heads, the 
laterite and the red soils falling under one head and the rest under the other. In each group certain 
properties can be correlated with the clay; content of the soil. The results show that the heavy clay 
soils have the highest ignition losses, maximum water holding capacity and sticky point moisture. 
No correlation could be found between the volume expansion and the clay content. While in the 
non-laterite group significant correlation coefficient could be found in the case of the maximum 
moisture holding capacity and volume expansion. 
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THE VERTICAL DISTRIBUTION OP PHOSPHATES IN CALCAREOUS SOILS 

By S. Das, M.Sc* (Cal. and Allb.), D.Sc.(xAlli)*), Assistant Agricultural Chemist, Imperial Agri- 
cultural Research Institute, New Delhi 

(Received foi* publication oil 19 September 1944) 

(With one text-figure) 

T he soil is not a homogeneous body of constant composition, being formed from the weathering of 
various rocks of difl'erent geological origin. It consists of several minerals intermixed in different 
proportions at different layers. Like every other soil constituent, its phosphate status is also likely 
to be variable. It is well Imown that plant roots forage in both surface soil and sub-soil, finding the 
phosphate in the latter as readily available as in the former. The greater portion of that entering 
the roots is deposited in the aerial parts of the plant, and later, on the decay of leaves and stems, is 
left on the surface. Each succeeding season will thus witness a new draft upon the phosphate of 
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tlie yub-soi] witlioiit any return. Ramann [ 1911 however, iioticecl that tile distribiuhni of phos- 
phate in successive horizontal soil layers is not governed by any tiniversal rule. For example, 
Wohltmann [ 1901 ] found that the surface soil of western Germany is sometimes riclier ajid, some 
times poorer in phosphate than the corresponding sub-soil, an<i Kossowitsch [ 1912 ] noticed in the 
^ Chernozem soils of Russia that the phosphate content is somewliat higher in the first 4 to 8 in. tliau 
in the underlying layers. Similarly Hopkins [ 1910 ] and Brown [ 1914 ] foimd respectively in the 
prairie soils of Illinois and Iowa a higher percentage in the surface than in either the sub-surface or 
the siib-soil. Alway and Isliam [ 1916 ], however, noticed in the loess soils of Nebraska that the 
proportion of phosphate is generally smaller in the first and the second foot than in the lower laj ers. 
On the other hand, Alway and Rost [ 1916 ] found that prairie loess soils of Nebraska in the surface 
foot show a steady decrease in phosphate from the surface inch downward, iiidependeiit of 
aridity of the climate in which they have formed. Peter [ 1916 ] draws attention to the peculiar 
distribution in the vertical sections of soil from the experiment station at Lexington and points out 
’ that it corresponds strikingly with the distribution of phosphate in the pliosphatic limestone beds of 
this vicinity. 

The manuring and cropping may also have some effect on the phosphate penetration in field 
soils. Stephenson and Chapman [ 1931 ], comparing soils receiving from 1 to 30 or more annual 
applications of a phosphate-carrying fertilizer with similar soils which had not received phosphate, 
showed appreciable penetration of the phosphate below the surface foot in liglit-textured to medium- 
textured soils, and little or no penetration in very heavy soils. Similarly Thor [ 1933 ] found that on 
the more compact soil there was defimte downward movement of phosphate into 7 to 14 in. depth, 
but only a slight movement into 14 to 21 in, depth. On the other hand, Crawley [ 1902 ], on apply- 
ing su23erphosphate, found that nearly the whole of the phosj)lioric acid remained within 6 in. of the 
j surface and that more than half remained in the first inch of the soil. Van Alstine [ 1918 ] and several 

j other workers too found that when phosphate is used as a fertilizer, it remains almost where it is 

placed in the soil until removed in crops or by some such 2 >rocess as erosion by water or wind action. 

Galcareous soils of Pusa in Bihar are 2 )articu]arly deficient in readily available phosphate and 
respond to phosphate fertilization for proj^er crop j)roduction. It, therefore, became of interest to 
know the vertical distribution of phosphate in these soils and the effect of cro 2 )ping and fertilizer 
practices on it. The work of Warington [ 1873], Cameron and Bell [ 1907 ], Basset [ 1917 ], De 
Jong [ 1926 ], Gassman [ 1928 ], Kramer and Shear [ 1928 ], and McGeorge and Breazeale [ 1931 ] 
shows that 2 dios 2 )borus is present in calcareous soils as calcium carbonato-phosphate or carbonato- 
a 2 )atite, a comi^ound formed of three molecules of tricalcium plios]5hate and one molecule of calciinir 
carbonate in which the calcium carbonate is an integral part of the complex iiiolecule. Tlie carbonato- 
■' phosphate must dissociate to enable the jfiant to absorb the phosphate ion. The dissociati(.)n of this 

com 2 x>und is greatly reduced in the presence of the common ion calcium, and is still further reduced 
by the solid jJiase calcium carbonate in the presence of the calcium ion. This leads to the compara- 
^ tivc unavailability of native calcium phosphate in calcareous soils here. 


ExunniMENTAt 

In order to find out the distribution of phosphates in these soils, 3-!nclL soil borings down to a 
deptli of five feet from some permaneiic manurial plots of the Chemical Section in Pusa calcart'ous 
soils (at the old site of the Imperial Agricultural Research Institute at Pusa) were taken to examine 
their total phosphate contents. These permanent manurial plots, 20 ft. by 25 ft. each, were laid out 
in 1920. Manure were applied to the plots once every year just before the monsoon. In these plots 
mgi (Eleimne coracana) was raised as (summer) crop, followed. by either wheat or oats as the 

mbi (winter) crop. Before the date of collecting soil borings in 1933. ragi was raised in these 
ibr 14 seasons, an<J wheat and oats for 2 and 11 seasons respectively. Phosphate and potasli were 
applied as supciphosphate and jjotassium sulphate respectively for 14 years. The results obtained 
are given in Table I with the CaCO^ content of the corresponding soil layers. An adjacent fallow 
plot was also included in this study for comimrison. 
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Table I 


Total F^O^.and GaGO^ contents of 3-inoh soil sections of km pernumenl nmm^iad ard a- follow 

plot in Pusa calcareoiis soil 






Fill low plot 

Plot No. 8 V 
siipt-rpliosphatc 

Plot No. 9 K 
|)otassium sulplnite 

Il-hioh 

soil sections 

.Oepbli in 
inches 

Percentage 

CaCOa 

Percentage 
PoO-, 
in mg. 

T> 

Percentage 

CaCOa 

creentage 
P,0, 
in mg. 

Percentage 

CaCOa 

Percentage 

P.0, 
in mg. 

1 



0—3 

37-()0 

81-6 

36-15 

132-3 

35-65 

'^91*5'' 

■V 



3—6 

37-08 

79-4 

36-43 

101-4 

35-93 

87*1 

3 



6—0 

36-93 

79-4 

36-68 

90-4 

36-75 

82-7 

■ 4 ' 



9—12 

36-43 

81-6 

37*15 

77-2 

36-50 

72-8 

5 . 



12—15 

36-85 

81-6 

37*73 

81-6 

36-00 

69-5 

6 



15—18 

36-88 

77-2 

39-35 

77-2 

38-43 

72*8 

'■'7^ 



. 18—21 

37-68 

70-6 

43*50 

65- 1 

40-93 

66-2 

,8 " 



21—24 ! 

■ 37-25 

66-2 

46-25 

58-4 

42-98 

,58*4 

9 



24—27 1 

38-0^) 

66-2 

46- 8o 

59-5 

44-35 

56-2 

10 



27—30 

38-48 

64-0 

46-60 

59-5 

46-18 

49-0 

11 



30—33 

38-75 

64-0 

47-25 

55*1 

44-75 

51-8 

12'- 



33—35 

40-00 

61-7 

44-10 

50-7 

35-65 

81-6 

13 



i 36—39 

38-75 

. 65-1 

32-25 

75-0 

30-93 

95-9 

14 



39—42 

39-75 

66-2 

33-50 

72*8 

30-50 

81-6 

15 



' 42—45 

40-25 

66-2 

33-23 

68-4 

33-23 

88-2 

15 



45—48 

40-58 

64-0 

45*18 

44-1 

45-23 

' 54-0. ■' 

17 



48—51 

41-23 

71-7 

47-50 

54-0 

46-75 

52-9 

18 



51 — 54 

41-33 

72-8 

44-58 

48-5 

44-25 

58-4 

19 



o4 — o7 

42-50 

66-2 

45-50 

50-7 

45-23 

56-2 

20 



57—60 

43-68 

60-6 

45-23 

57*3 

j 44-93 

58-4 


In order to get an approximate idea of the distribution, of phosphate and its relation to the 
corresponding CaCOg contents at different depths the per cent average and CaCOg per foot 
are stated in Table II. 

Table II 

•Per cent average P^O^ and OaOO-^ j^er foot of the fallow and the two permamnt mmurkd plots m Pusa 

calmreous soil 


Bepth 

Fallow plot 

I’lot No. S P 
superphosphate 

Plot ? 
potassiun 

'Jo. 9 K 

1 sulphate 

Percentage 

CaCOg 

Percentage 
P.0,, 
m mg. 

Percentage 

GaOOa 

Percentage 
PoO, 
in mg. 

Percentage 
' CaC'O;^ 

Percentage 

ill mg. 

1st foot . . . . . 

87-01 

80-S 

36-60 

100-3 

36-21 

‘ 83-5 

2nd i, • ■ ' * ' 

37-17 

73*9 

4l‘7l 

70‘e 

39-59 

66-7 

3rd if - .. . . 

38-81 

64-0 

46-20 

!' 56-2' . 

'.42-73- 

59-8 

4th }. <• • . . . 

39-83 

65-4 

36-04 

1 65*1 

, 34-97 ■ 

79-9 

5th „ . . * 

42-19 

67-8 

45-70 

1 . '52-6 

: 45-29 

56-5 


From Table II it is seen that in the fallow plot the content varies almost inversely with 
the increase of CaCI)^ concentration and with depth. In the otlier two plots a similar relationship 
holds in the individual depths. In the fourth foot there exists a minimum CaCOs concentration 
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preceded and followed by maxiniuni carbonate concentrations in third and fifth foot respectively. 
The corresponding P 2 OU contents bear out the same inverse relation with CaCO^ as in the fallow 
plot. The soil in the first foot of every plot contains the maximum phosphate concentration. The 
superphosphate plot was manured every year and consequently shows the highest concentra- 
tion in the surface foot, but the applied phosphate does not seem to penetrate below one foot. In 
the potassium sulphate plot the sub-soils contain on the average much less phosphate as would be 
expected owing to the growing crops making new drafts every year on their pliospliate content 
without any return. The surface soil however contains a fair amount:* 

Turning now to Table I the above general deductions can be confirmed in more detail by examin- 
ing the individual data of various depths. In the fallow plot the phosphate content goes down 
slowly up to seventh 3-inch layer, and then its concentration remains practically constant except 
for a slight rise in 17th and 18th layers. In the superphosphate plot the application of the phospliatic 
fertihV.er ha.s increased the phosphate content of the surface 9 in. of soil only, the highest 
being at the surface 3 in. ; and below, the phosphate content decreases slowly, reaching in 
the ith layer the level of the corresponding layers of tlie other plots. It is thus evident that the 
penetration of the phosphate applied at the surfirce soil takes place up to the surface 9 in. 
only. This is in agreement with the observations of Crawley [ 1902 ], Thor [ 1933 ] and other 
workers. 

From 12 in. to 36 in. the phosphate content gradually goes down. In. the next 9 in. 
from 36 in. to 45 in., it rises and varies inversely as the CaCO^ which reaches the mimmum con- 
centration. 

Except for the surface 9 in. and 12th to 15th soil layers the phosphate content of the 
potassium sulphate plot is generally lower tlian that of the corresponding soil layers of the fallow 
plot. The superphosphate plot too behaves in this way from 18 in. below the surface. This is 
demonstrated in Fig. l along with the inverse relationship between CaCOp, and P 2 O 1 J contents. 



^Fallow 


Depth in Scinch Snl Sections 

Fro. h The relationship h/etween OaCOg and F.>Or, contents of 34iich vertical soil sections of a calcareous Pusa soil 
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It is conceivable that in the soil layers where the CaCO,, content is high the proportion of the 
actual soil containing phosphate and other acidic and basic 
in crop production must be less than in the soil layers where the percentage 
tively loi, on the assumption that the natural calcareous sod P O conJe^™ 

GaCOg. As a corollary to this, the inverse relationship between GaCOg and ^8®“ ^ V, , “ , 

place as shown by the experimental results. This relation t nto 

ither factors, such as, cropping and fertilizer lf^<’^'’‘’«Vclmiatic conditions m ^ 
processes which took part 4n the formation of tliese calcareous sods from then parent rocks, im > 

lip.ve influence OB 


. SUMMABY 

.\S a result of phosphate fertilization, the concentration of phosphate increases 
surface 9 in. of a calcareous soil. This indicates that phosphate remains mostly where it is plac . d 

in the soil. ... . . . 

Phosphate concentration in the different vertical soil layers of a calcareous »il 
as the corresponding CaCO., eouceutration. This relation is not, however, uruform m chara , . 
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DISTRIBUTION OF 


SOIL MOISTURE UNDER CROP 
TO YIELD 


AND ITS RELATION 


By Si'j'ivH Dayaj. Nijhawan, Soil Physicist, and Lekh Raj DiiiKfiaA, 1 h'*scrn‘(3i'i Assistant, Dxy 

Farming Research Station, Rolitak*-' 

(Received for publication on 2 July 1945) 

F or (h-celoping sound cropping schemes, a knowledge of the WiRer ivtpii remen ts of tlie crops 
and the (h^])th from which these obtain their water soppiy is ofgi't^nt imp<jrtaiic(\ Sucli infonnii' 
tion will be of gi*eat help in evolving judicious methods of irrigation Ibrtla^ tracts* wlanv irrigation 
facilities are available and for selection of crops for dry-fanning tiricts. W'itli this ideal in ^dew, the 
study was started at the Dry Farming Research Station, Rohtak, The work re])oi't<a.l hy Kanitkar 
[ J944 ] from Sliolapur shows that there exists a high correlation between the total yield oi‘ crofis 
a'nd the total available water which is equal to the availalile moistiu'e present at the time of soving 
and. the rainfall received after sowing of the crop. More detailed work lias been carried out in tlie 
United States. Cole and Mathew [ 1923] while determining the ns<'* of water by sluing wheat in 
the great plains came to the conclusion that from the amount of soil moist in*e j^resent in tfn^ surface 
layer, at tlie time of seeding, it is possible to forecast the yield of spring ulieat. This determination 
helps in deciding whethei^the crop should be sown or omitted from the crop system. Finnell [ 1929 ] 
from his studies has concluded that it is not only the moisture in the surface soil which determines 
the yield of the crop but sub-soil moisture also is of far reaching importance. He also concluded 
that though from tlie moisture present at the time of seeding, yields of Sorglwm could be predicted 
but no valuable information could be obtained with regard to wheat. As these investigatioiiB were 
carried out at two (lifferent localities, there is nothing strange, if the results from both the localities 
were not comparable. These observations however suggest that the findings from a certain locality 
are not of uni versal application and in order to find out results of practical importance for a particular 
locality these are to be worked out in that locality. 

Experimental 

Four different crops (1) bajra {Pennisetuni iypJioideiim), (2) guam {Gyamopsis psoraKoides)^ (3) 
gram {Cicer-arietimim), and (4) wheat, were included in the study and water removed by them at 
different stages of their growth was found out. As these crops got almost entire supply of their 
water from six feet column of soil, therefore moisture was estimated down to a level of six feet, 
before sowing and after harvesting of crops and of varying depths in between these two dates. The 
data reported in each case are average values of 12 to 18 individual determinations. 

Bajra. Distribution of moisture under this crop was studied during the years 1937, 1939, 1940 
and 1941. In the year 1937 moisture was estimated at fortnightly intervals, and in the following 
years, the interval was increased to one month. Results are given in Table L 

The season during which observations were made greatly differed from year to year. In the 
year 1939 rains were much below the normal and therefore tlie crop instead of depending on the 
rains of the season, had to draw moisture from the soil reserve. On 20-7-1939 a month after the 
sowing of the crop, the crop had drawn moisture from three feet column of the soil. On 18-8-1939 
the crop had further removed moisture and decreased it to 6-44 per cent from 9-19 per cent on 20-7-1939 
in three feet coliimn of soil. Later on there were further losses though small in amount. The 
moisture in the first foot had fallen below the wilting coefficient on 18-8-1939 and later, on 13-10-1939, it 
had gone even below the hygroscopic coefficient. The crop during this year removed moisture from the 
entire six feet layer of the soil. In the year 1937 though the summer rains were about the normal 
and nearly double of those in 1939, the rainfall in the month of August was only 1*20 in. against a 
normal of 3*72 in. There was no decrease in moisture till the end of July and tlu' f*{op depended 
* The work was carried out at Dry Farming Researek Station, Robtak. 
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for tlie water supply on the rains of the season^ but in August there wa>s a sudden demand on moisture 
present in the soil which fell from 12*52 per cent on 7 -8-1937 to 6-96 per cent on 18-8-1937, in three feet 
column of the soil. Moisture in the first foot layer on 18-8-1937 had fallen below the wilting co- 
efficient, There was a further decrease in the moisture in the lower layers and at the time of harvest- 
ing there was a decrease of moisture in the entire six feet column of soil, 


Table I 

Moisture as fercentage on oven dry soil (Eajra) 



1937 



1-7-1037 

M-7AQ37 

7-8-1937 

18-8-1937 

3-9-1937 

21-9-1937 

15-10-1937 

Raitifall in inches 


3-98 

2-37 

0-24 

0-96 

2-69 


Depth— 

0-6 in. . 

13-00 

10-86 

10-00 

3-52 

5-02 

9-4!) 

3-56 

6-12 in. 

12-55 

12-i)l 

11-07 

5-54 

3-41 

10-64 

5-73 

2ncl ft. 

12-66 

14-50 

13-02 

7-33 

6-99 

7-85 

7-53 

3f.-dft. . . . 

13-91 

14*93 

14-02 

9*01 

S-3iT 1 

7-80 

7-61 

4th ft, . , 

14-22 


« • 

» • 



! 8-14 

6th ft. 

14-90 

• . 

* • 

* p 


• f 

10-80 

6th ft. . 

15*45 

« . ■ ' 


« # 



11*84 

Average . . ’ . 

! ■ 13-99 

13-70 

*’l2-52 

6-96 

7-02 

' ’ 8-57 

8-38 

Average for 3 ft. 

1 

1 13-12 

13-70 

12-52 

6-90 

7-02 

8-57 

6-59 








20-6-1939 

20-7-1939 

18-8-1939 

14-9-1939 

13-10-1939 

20-10-1939 

Bainfiil] in inches , 
Depths — 

• 

* 

• 

•• 

1-72 

0-91 

0-81 


.. 

0-6 in. 



, 

11*00 

10-56 

3-08 

3*14 

2-10 

1*93 

6-12 in. . 




11-43 

10-53 

4-96 

4-76 

3'IS 

' 4-57 

2nd ft. . 




10-00 

8-32 

6-60 

5*81 

6-27 

6-32 

3rd ft. 




11-30 

9-02 

8-71 

7-47 

7*73 

7*94 

4th ft. 




12-17 

. , 

. . 



8-65 

5th ft. 




11-68 





8-57 

6th ft. 




10-83 

. , 



, . 

8-73 

Average 




11-20 

9-29 

6-44 

. ’ ’ 5-74 

5*55 

7-24 

Average for 3 f t. . 




11-84 

9-29 

6-44 

5-74 

5*55 

5*84 

i 


mo 







9-7-1940 

13-8-1940 

13-9-1940 

26-9-1940 

6-10-1940 

Bainfall in inches 
Depths — - 

• 

• 


- * 

12*50 

5-38 

2-20 

1*09 


0-6 in. 

♦ 




18*00 

3-49 

12-80 

: 7-24 

'6^12 in. ■■ . ' ,.t 





12-11 

16-59 

6-47 

10-00 

8-29 

■■■■■' '.2118 ft. ■- 





11-72 

16-00 

9-70 I 

9*09 

9-46 

3rd ft. . . . 




* * 

13-20 

14*48 

11-79 1 

. 12-57' ! 

11-64 

4th ft. . 





15-10 


13-59 

14*89’ 

13-98 

5th ft. . 




• . 

16-43 



36*09 

15-95 

6th ft. . . 





16-09 



17-00 

16-88 

Average- 





14*14 

■■ ' 15-93 

* 10-01 

13*51 

12-61 : 

Average for 3 ft. 





1241 

■: 15d)3;' 

8^82 

11-02 

9*62 




m 
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Table 1—contd, 

Moishm cm percentage on oven dry soil (B^jra) 
1041 




13-7-1941 

14-8-1941 

29-8-1941 

14-^9-1941 

4-10-1941 

i2.io-:i94i 

13-10-1941 

R,ainfall in inches 


4*32 

0-62 

2*60 




Depths — 

0-6 in. 

4-91 

10*51 

5*49 

12*45 

2*38 

1*88 

144 

6-12 in. 

6*84 

10*38 

8*57 

11-74 

5*21 

4*58 

2*56 ■ 

2nd ft. 

S*43 

8*32 

8*57 

8*78 

7*67 

6*95 

5*34 

3rd ft. 

7-76 

7*86 

8*31 

s-4r. 

8*55 

8*71' 

6-90 

4th ft. 

9-14 

9*07 


9*92 

9*58 

9-68 

9*88 

5th ft. 

1012 



10-18 

10*13 

10*48 

9-54 

6th ft. 

8-74 

, , 


! 


9*31 

8*43 

A i'erage . 

S18 

8*92 

7-97 

9-89 

’ ’ 7*04 

S-06 

7*03 

Aeemgefor S ft. 

7*02 

8*87 

7-97 

9-78 

6*67 

6-29 

' 4*78 


0-6 in. 1 

Hiigroseopie cne fficieu 
6-12 in. 1 2nd 'ft. 

t 

3rd ft. 1 

4th ft. 1 

5th ft. i 

6th ft* 


3-03 1 

3*70 

4*41 

3-89 1 

3*69 1 

3*79 1 

4-12 


! 4*46 1 

1 1 

Wllflff coefficient 
5*45 j 6*.52 

5-58 j 

5*26 j 

540 j 

5*S6 


The rains in the years 194-0 and 1941 were about normal and well distributed. In these years 
there was a very small decrease in the soil moisture till the middle of August, but later on the demand 
increased and the crop got its water supply from the moisture originally present in the soil. In the 
^year 1940 when August rains were more copious and well distributed, the crop got its water supply 
from the first four feet column of soil while in the year 1941 when August rains were less and had 
stopped by the middle of 'the month, the c$op removed moisture from the whole six feet column of 
the soil. 

These results indicate that during normal years, moisture under bajra crop remains more or less 
the same as is present at the time of sowing of the crop till the middle of August but afterwards when 
bajra begins to flower and seed formation starts, it draws water from the moisture conserved in the 
soil. The depth from which it gets its water varies with the season but generally it draws its water 
from the entire six feet column of the soil though about 75 per cent of the total water required by 
it comes from the first three to four feet layer. 

Giiara. Distribution of moisture under guara was determined in the year 1940 when it was sown 
in a randomized experiments with bajra. Therefore the results obtained from the plots under both 
the crops are comparable. Distribution of moisture on different dates is given in Table II. 

Table II 


Moisture as jyercentage on oven dry soil 





5-7-1940 

15-8-1940 

13-9-1940 

13-10-1940 

14-11 

-1040 




Cropped 

Fallow 

Cropped 

Fallow 

Cropped 

Fallow 

Cropped 

Fallow 

Bainfall in inches 
Depth — 

V 

• 

-• 

** 

5-56 


2*26 

•• 

1*09 

3*0 

•* 

0-6 in. 

' * ' ■■■' ■ 


10-4 

164 

19*8 

3*8 

7*0 

34 

(v3 

6*9 

6-12 in. . . 



8-0 

16*7 

16-9 

5 6 

134 

6*0 

12*1 

54 

11*2 

2nd ft. 



9*7 

154 

16-1 

8-1 

14*8 

7-5 

11*6 

,7*1 

' 144 

3rd ft. . . 



10-1 

11*5 

16-5 

9*0 

16*9 

9*8 

15*4 

8*1 

]5*4 

4th ft. 



104 

, . 


10*6 

18*6 

10-3 

15*0 

10*2 


5th ft. 



11*2 

. 4 



. . 

11*8 

16*2 

IM 


6th ft. 



11-9 

. . ■ 



. . 



12*6 


Average . 



10-4 

14-34 

1 16-98 

8-08 

15*13 

8*68 

14*08 

S*8S 

. , 

A verage pr d ft* 



9*67 

14-34 

16:98 

: 7-27 

13*97 

7-34 

13*07 

6*47 

12*97 
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From 5-7-1940, tlie date on wliich crop was sown till 16-8-1940 there was no lOss of nioistiire 
from the soil but there was increase of 4-67 per cent of moisture in three feet coliiiiin of soil due to 
5*56 in. of rain received during the interval. From 15-8-1940 to 13-9-1940, there wuis a loss of 7*07 
per cent of moisture from cropped plots in a, three feet layer. From 13-9-1940 to 13-10-1940, there was 
im apparent loss from the cropped plots while, from the fallow plots, there was h loss of 0*97 per cent. 
From 13-10-1940 to 14-11-1940, there was a loss of 0*97 per cent moisture from the cropped plots, 
while from the fallow plots there was only a loss of 0*1 per cent. From the fallow plots losses occurred 
only from the first foot while from the cropped plots there was loss of moisture from each layer down 
to foiir feet. 

When distribution of moisture under both the crops is compared, it is observed that in earlier 
periods more moisture was removed b}?- bajm than guara. The total moisture removed hy hajrawRS 
slightly m ore than that by guar a. Guam removed comparatively more moisture from the lower layers 
and it was bet’ween 13-10-1940 and 14-11-1940 that it tapped moisture from the third foot, a period 
dining which it w^as fornxing seed. 

Grami, Distribution of moisture imder this crop was studied during the years 1936-1937? 
1940-1941 and 1941-1942. The results are given in Table III, 


EaiTifell in inches 


Depth— 
0-6 in. 
6-12 in. 
2nd ft. 
Srd ft. 
4th ft. 
5th ft. 
6th ft. 


Auragc 

Average for Q ft. 


Table III 

Moisture as ‘percentage on oven dry soil (Gram) 


27-0- 

17-10- j 

30-10- 

20-11- 

7-12- 1 

26-12- 

IM- 

27-1- 

27-2- 15-3- 

27-3- 

1936 

1936 

1036 

1 1936 

1936 i] 

1936 

1937 

1937 

,1937 1937 

1937 


64)7 7-91 

8-76 10*91 

13*86 14*09 

15*42 14*99 


12*38 12*83 


Cropped plots 


14*45 14*02 14*23 


11*42 11*56 


12*83 11*42 11*56 12*09 10*5; 


29U0U94O 27-11-1940 


14*91 14*02 

14*77 ir22 


Cropped plots. 


Kainfall In inches 

Depth— 

0^6 in. 

6-12 in. 

2nd ft. . 

3rd ft. . 

4th tl. , 

5th It. . 

6th ft. , 

Average 

Average for o ft, . 


Rainfall in incites 
Depth — 

0-6 in. 

6-12 in, 

2nd ft. 

3rd ft. 

4th ft. . 

5th ft. . » 

6th ft. . 


Arerage 

Average for o ft, . 



Fallow plots 



;i5‘83 


p 
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Table ill — cmid. 

Moisture as percentage on oven dry soil {Grani) — cdntd. 










18-10- 

lon 

10-11- 
10 n 

16-12- 

lOU 

10-12- 

1941 

O-l- 

1042 

26-1- 

1042 

24-2- 

1042 

1 '1-3- 
1!)42 

1042 


Jlainfall in inches 










Cropjwd plots 

0-21 1 

. 1-01 

1-68 




Dcptli — 

O-fi in. 








l-Ol 

:)-00 

3-80 

3-51 

6-01 

0-6:.} 

4-M 

2-38 


6-1:2 i!i. 







S-70 

7-56 

7-18 

6-06 

7-83 

8-02 

10-4:1 

7-76 

5-57 


2nd ft. 







12-02 

10-10 

10-01 

10-88 

11-11 

0-40 

9'SO 

0-02 i 

8-55 

''>ir 

Urd ft. 







1 1 -00 

.10 -3;! 

0-63 

10-07 

1 1.-04 

,10-06 

10-15 

10-23 

10-44 


4tli ft. 







11U2 



11-87 

i2-n4 

11-50 

11-83 

11-22 

11-88 


atli ft. 







12-00 




13-41 

12*32 

13-04 

12-48, 

12-55 


6th ft. 







12-02 




10-54 

11-84 

11-26 

11-27 

' 11-40 


Average . 







.10-00 

8-02 

. 8-17 

9- os 

10-64 

10-52 

11-02 

10'03 

, '9-80 


Average for 3 ft. 







0-S7 

8-02 

6-47 

8-01 

0-27 

0-16 

0-00 

8-40 

7 m 


Fallow plots 


llaiiiLilI ill iiiclics 
Depth— 



The results obtained 20 to 30 clays after the sowing of the crop show, that there was fall in moisture 
in the whole three feet column of soil, the fall being raore in the surface foot than in the lower layers. 
Later on losses were very small and gradual, the losses being more from the lower layers than from 
the surface foot. About the middle of January, demand of the crop for water increased and it re- 
moved moisture from the second and the third foot. From about the end of January till the end of 
February or beginning of March the losses of moisture from the soil were small and graduaL Later 
on demand of the crop for water greatly increased and there was a big fall in the entire six feet column 
of soil ; the decrease being more in the upper three feet layer than in the lower three feet. 

Moisture in the first six inches was reduced below the hygroscopic coefficient while in the second 
six inches, it was about the wilting coefficient and in the fallow plots moisture was always liigher 
than the cropped plots and it was generally above the wilting coefficient. Increase in moisture 
due to rains was more in the fallow plots than in the cropped ones. 


Wheat , — Movement of moisture under this crop was studied during 1936-1937 ujid 1938-1939. 
Tlic results arc given in Table IV, 
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Table IV 

Moisture as 2 ^ercentage on oven dry soil 



1937 



30-10- 

1036 

12-11- 

1936 

27-11- 

1936 

12-12- 

1936 

12-1- 

1937 

19-2- 

1937 

5-3- 

1937 

19-3- 

1937 

3-4- 

1937 

20-4- 

19371 

ilainfall in inches 




0-34 

0-52 

4-22 





• V 

Depth — 












0-6 ill. . 


6-52 

00 

4-46 

4-77 

4-05 

12-68 

4-67 

3-47 

4-32 

2*33 

6-12 in. 


0-50 

6-21 

5-74 

7*10 

6-24 

11-19 

S-16 

5-89 

5-71 

, 4-57 

2lKlft. . 


11*81 

9-S3 

S-05 

9-92 

9-67 

12-93 

10-60 

7-85 

7-49 

5-18 

3rd ft. . 


12-19 

11-86 

10-33 i 

11-21 

11-22 

11-00 

11-50 

9-76 

8-47 

6-04 

4th ft. . 


11-91 

10-80 



11-28 

10-33 

9-89 

9-60 

9-67 

7-99 

5th ft. . 


10-70 

9-74 



9-76 

10-28 

12-20 

9-34 


9-71 

6th ft. . 


10-16 

9-25 



9-82 

9-07 

9-20 

10-33 


9-72 

Average 


10-80 

9-43 

7-83 

9-02 

9-48 

10-93 

9-97 

8-59 

7-66 

7-01 

Average for 3 ft. . 


10-67 

1 S-03 

! 7-83 

9-02 

S-G8 

11-90 

0-52 

7-43 

6-99 

4-89 


1938 



17-11-1938 

18-1M938 

19-12-1938 

19-1-1938 

18-2-1938 

19-2-1938 

17-4-1938 

Bainfall in inches 



. 

. 





0-40 

2-46 

0*55 

Depth — 












0-6 in. . , 





13*34 

11-69 

8-55 

5-39 

7-03 

6-34 

4*09 

6-12 in. 





■J5-00 

14-04 

11-88 ' 

7*47 

9-52 

S-5S 

6-51 

2nd ft. 





16-93 

13-83 

13-35 

10-05 

10-02 

0-77 

9*20 

Srd it. 





16-18 


12-85 

11*09 

11-60 

11-04 

10-83 

4th ft. 





. 14-72 




11*23 

0*65 

10-14 

.5th ft. 





13-63 




! 11-79 

11-82 

12-80 

6fch ft. 





13-37 





11-82 

13-63 

Average . 





14-83 

1.3-35 

12-13 

9-59 

10-59 

10*26 

10-31 

Average for 3 ft. 





15-76 

13-35 

12-13 

9-59 

9*98 

9-42 

S-44 


Distribution of moisture under wheat is more or less similar to that under gram. First sampling 
after sowing was done after 12 days when germination was almost complete. The results show that 
there was considerable fall in moisture during this period. There was fall of moisture in the entire 
six feet column of the soil, though considerable loss occurred from the first two feet. Later on fall 
in moisture was gradual and small from the first three feet layers till the beginning of March when 
losses became large. This period coincides with flowering and seed formation in wheat. During 
this period also, considerable losses only occur from the first three feet ; the losses from the lower 
layers are small; and insignificant. 

In the year 1938-1939 there were no rains and the fields were irrigated for sowing of the crop. 
Therefore there was a higher status of moisture in these fields than is generally found under dry 
farming. As the moisture in the year 1938-1939 w^as at a higher level than in the year 193(3-1937^ 
there were losses in the year 1938-1939, espeGially from the first two feet layer. 

Discussiok ' ■ 

Distribution of moisture and the yield cf the crop 

Kharif crops. Kliarif crops put on more of vegetative growth than nihi crops (Tables V and VI) 
and therefore to sustain these more water is required. In case of drought, it is the Mur?/ crops whicli 
suffer more. Out of the t'wo kharif crops Sajm and gxmra^ it is the former wdiich suffers more, oo 
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account of its larger vegetative growth. In order to maintain its heavy vegetative growtlg hajra 
taps the lower layers for water even in the early stages of its growth (Table I)* Diiriiig August wlieii 
the crop starts seed formation, its need for water increases and water in the soil is not enoiigli to 
meet its requirements, If in August rains fail, bajm crop begins to dry up and the grain yield 
becomes very poor, On the other hand, guara does not put on large vegetative growth and to maintain 
this amount of vegetative growth, it generally depends on the moisture in the upper layers and wlieii 
extra water is required for seed formation, it taps the lower layers and thus forms the seeds. Guam 
therefore forms seeds even in conditions in which rains are low and which bajm fails to forni grain. 
The above coiielusions have tlie support of the yield data. Yield of iiotlj tlie crops along with the 
moisture data are given in Table V, 

Table V 


Yield of crops and the moisture data' 




10.‘5S 

io:]0 

1 ‘.)40 

:i.04l 


Bajra, 



Grain 



i 


Grain .... 
straw . . . . 

1 Eainfall in inches in Angiist 

I 

I Total summer rainfall 

! 


Moisture in three feet column of soil before sowbig 


l)-74 

10-SS 

0-23 

8-17 j 


Yield in pounds per acre 


1017 

512 

mi 

135 

:n.04 

2 70S 

123 

1947 


(hiara 



Moisture hi three feet column of soil before sowing 

11-01 

0-92 

6-69 

6-04 j 

Y'kUl in pounds per acre. 


1298 

981 

220 

,553 

3588 

.. ■ 

.. 


6-31 

1-20 

1-GS 

1-01 

17-55 

12-02 

0*73 

7-40 


9 ‘99 

7-90 

1 9-43 

82S 

312 

96S ; \| 

3030 

1515 

2973 ■ ' ''bC'* 1 

■ , ■' ■ 

8-30 j 

1 7-80 

I' 0-33 ' 

048 

619 : 

1306 ' 


950 i 

... '."4 

0-40 

4-34 

7-16 

10-91 

13-17 

25-47' ■''4''| 


From the above results it is observed that guar a has been giving more yield of grain than 
except in the year 1940. In 1940 though the total rain-fall was slightly less than the normal, August 
rains were double the normal and therefore iq/m gave higher yields. Yields of straw for are 

available only for the year 1930 and 1941. In the year 1936, the rains were above normal and well 
distributed while ill the year 1941 rains were about normal and were not so well distributed as in the 
year 1936. In the year 1936, grain to straw ratio in the case of was larger while in the year 
1941 it was smaller. In the case of bajra reverse is the case. In the years 1936, 1941 and 1942, 
when the rains ivere normal or rather above the normal, the grain to straw ratio was narrow, while 
in the years 1937, 1938 and 1939, when August rains were defective, the grain to straw ratio was 
larger and the yield of grain poor. These results are in accordance with the distribution of moisture 
already discussed, Bajra puts on a large amount of vegetative growth and to maintain it, it has 
to tap the lower layers and therefore in the month of x4.ugiist when grain formation starts, bajra 
badly stands in need of water. On the other hand, guam in the years of low rainfall or when there 
is low moisture in the^^^s decreases its vegetative growth to such an extent that it can be maintained 
with the water stored in the upper two feet layer and, at the time of seed formation, it draws more 
water from the lower layers and therefore its yield is more than that of bajra, 
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Correlations have been worked out between the moisture present before sowing, rainfall in 
August, total rainfall and the j^^ield of the crops. The correlation is not significant betw^een the yield 
of baom grain and moisture at the time of sowing but it is significant lietween the yield and the rains 
in August (0*8852) or the total rainfall (0*8120), On the other hand, correlation between the yield 
of straw and moisture present at the time of sowing is significant (0*7363), while the other two corre- 
lations are not significant. These results indicate that moisture at the time of sowing influences 
the yield of straw and not that of grain. 

Correlations of these factors with regard to the yield of guara grain show that there is a signi- 
ficant effect of moisture at the time of sowing (0*8505) and the total rainfall {0*9072) on the yield, 
but there exists no such correlation between the rains in August and the yield. 

These calculations support the observations already made that for oljtaining normaJ yield of 
/xym grain, August rains are very essential but these are immaterial for guara. 

Rabi cnyps. The yield of both the crops along with moisture present at the time of sowitig 
and winter rainfall are given in Table VI, 




” 1 ) 


Table VI 

Yield of gr ami and loh eat, moisture ai the time of solving and winter r ad n fall 


1030 - 10^7 


1937-1038 1930-1940 


1 040-1941 


1942-194:3 


Gram 

Moisture in three feet column of soil Inf ore sowing 


Cmlii 

straw 


1 14*01 

1 12*50 

8*51 

12-00 

9-85 j 

eld in lb, 

1588 

/ 

per acre 

788 

89 

8I>7 

1 

f 395 1 

2355 

880 


824 

402 


14-12 


1502 

149(1 




Wheat 

Moisture in three feet column of soil before sowing 


13*30 


11-01 


7 -so 


1M4 


13-79 


Yield in lb. per acre 


Crain , ... . . . 


1497 

632 

390 

529 

24 C) 

1040 

Straw . . . . . 


1971 

, 1071 

475 

073 

' . ■ 324 ' , 

1030 

llaiiiOill in inches December and lamiary 


0*86 

1*51 


0 - 9 S 

■ 2-42 . ' ■ 

' 1-22 

Total winter rainfall . , . . . 


5-37 

1*52 

3-41 

5-80 • j 

3-46 ' 

2-90 


Gram puts on more of vegetative growth than wheat and therefore there has always- been more 
of gram straw than wheat straw and, in order to maintain it, it draws more moisture from the soil 
tliaii wheat. In the year 1939-1940 when there was low moisture in the soil and there were no early 
winter rains, gram crop totally failed and gave very poor yield of 89 lb. per acre but that of wheat 
was 390 11). per acre. In other years when there were early winter rains, gram grain was more thun 
wheat grain. 
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Uoi relations between the moisture present at the time of sowing and the }ield of gram grain 
? (0*9819) and gram straw (0*9000) are significant and those between moist present and wheat 

j grain and wheat straw are not significant. There exist no significant corielation betvs een tlie rains 

: 4 received in December and January and the yields. In the case of total winter rains there is a high 

correlation l:)et ween tliese and the yield of wd'ieat grain (0*881()) but there is iio siicli eorreJatioji 
with regard to the yield of gram crop. 

These results show that gram crop for its water requirement depends mainly on the moisture 
conserved in tlie soil. When moisture in the soil is low, early showers of the winter rains in the end 
of December or beginning of January are essential. On the other liand, wheat does not depend so 
much on the moisture conserved in the soil as gram and winter rains are of great use for pi'oducing 
a normal wheat crop. 

These residts further suggest that the yield <yi guava and gram can be predicted with fair accuracy 
|1 "w froni moistiire present at the time of sowing. 


I ■ Summary 

In the early stage of growth, kharif crops {bajra and i^wam) generally depend on the rains and 
moisture in the soil remains more or less the same as at the time of sow^ing till the middle of August. 
After the middle of August the crops draw moisture from the soil and more water is drawm by bajra 
than guava. In order to get a normal yield of bajra grain, rains in August are a necessity. However, 
f guava at the time of seed formation obtains moisture from the deeper depths and therefore in the years 

J of defective rainfall the yield of f/'uara is more than that of 

i About 20 days after the sowing of -mW crops (vvdieat and gram) there is considerable fall 

''I in moisture, decrease being more from the first two feet than the lower layers. L ater on fall in nioisture 

is gradual and small in amount. From the end of February or the beginning of March the demand 
of the crop for water increases and there is considerable decrease of moisture in the entire six feet. 

A high coiTelation exists between the moisture at the time of sowing and the yields of guava 

I and gram, but no such correlation exists in the case of the yields of bajra and wheat. A correlation 

between the winter rains and the yield of raha crops shows that winter rains are beneficial for 
I the formation of wheat grain but they do not influence the yields of gram, which are mainly 

I dependent on the moisture conserved in the soil. 

j A higli correlation exists between the August rains and the 3 neld of bajra and it shows that for 

j a normal yield of the crop, August rains are a necessity. 
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POT cultfre experiments on the manurial values oe 

('OMPOSTED AND UNCOMPOSTBD MATERIALS* 

By C. N. Acharya, D.Se. (Lond.), M. Sc., Ph.D., F.I.C., C. V. Sabnis, M.Sc., and F.G.T. Menezest, 
M.Sc., Department of Biochemistry, Indian Institute of Science, Bangalore. 

(Received for publication on 15 September 1945) 

M anurial trials in field plots as well as in pot cultures, using composts prepared by different 
inetliofls and iincxmiposted materials, were carried out in the Experimental Farm attached to 
the Indian Institute of Science, Bangalore, during the period 1938-1941. The main results obtained 
in till* pot culture studies are presented in this paper. 




Materials and methods 

The soil used for tlie pot eiiltures was a local red-loam of pliysical and chemical composition as 
shown, in Tiilile L 

Table I 

sis of soil used for foi cultures 


M*.cbanicai composition 

Chemical composition 

Coarse sand , 

33*4 per cent 

Total carbon .... 

0%59 per cent 

Fine sand . . . . • 

26-4 

,, nitrogen .... 

0-058 „ 

Silt . 

7*7 

„ P.O, . . . 

0*02 

Olay 

26-4 

„ ICO .... 

0*22 

Moisture , . . . 

3-84 

„ lime (CaO) 

0-10 „ 

Loss on ignition . , . 

3*19 

Silica (SiO.) . . . . 

77*76 

Carbonate ■ . 

nil 

Iron and alumina (Fe^Oa-j- AbO^) 

13*75 

■ . ' . , , . . 1 

' 

6-2 „ 






It would be noted that the soil is poor in phovsphoric acid, but contains average amounts of nitrogen 
and carbon for Indian reddoams. 

Twenty lb. of the above soil were well mixed with 10 lb. of w^ashed sand and added to each pot. 
The manure selected for trial was mixed uniformly with the surface layer of soil to a depth of five 
to six inches, after which water was added and the manure was allowed to decompose in the soil for 
a period of two to three weeks before the crop was sown. Each treatment was replicated six times 
and the pots were kept in six parallel blocks ; and within each block the individual positions of the 
pots were randomized. 

Two crops were tried, viz. ragi {Elemine coracana) jowar (Andropogan sorghum), Ragi 
was grown as the fi.rst crop smd jo^mr the second crop in the same pots — the latter in order to assess 
the residual v^aliies of the manures. Ragi was transplanted into the pots from a seed-bed when 20 
days old ; four seedlings of the same height and vigour were distributed to each pot and these were 
thinned to three plants after aliout 10 days. The pots were watered every day till shortly prior to 
harvest. The grain and plant tissues were weighed separately. 

After the ragi was harvested, the soil in the pots was well stirred and the root system was allowed 
to decompose for five to six weeks, with moistening of the soil from time to time. After this period, 
jowar was grown as a fodder crop. Four seeds were sown in each pot and the seedlings were thinned 
down to two after a fortnight. The was removed at the flowering stage, dried and weighed. 

* Work carried out under the Sclieme for the ^ Preparation of compost manure from town refuse and other waste' 
material ’ financed b.v the Imperial Council of Agricultural Research. 
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Series I 

COMFAEISOR OF DIFFERENT TYPES 0:F COMPOST’S 

Tlie first series of trials was devoted to a eoM.]]>ari8op (jf eonipi^sts ])]‘«,‘pa.n.Ml from different types 
of refuse material, viz. (a) compost prepared jrojn mixed ve.a;etn.t)le rerus(‘, to which only a small 
quantity of cattle dung was added as starter ; (b) coin|)ost pin'] )a red from town refuse and iiiglit- 
soil ; (c) a poudrette prepared by mixing night-soil with wood-asli : (d) a sample of farmyard manure 
obtained locally; and (e) ammonium sulphate. Including the iinti-eated ' control ’ pots, there were 
six treatments in ail. The analyses of the different manures used, in regard to their content of 
carbon and nitrogen are given in Table 11. The manures w<n*e applied on enquivalent nitrogen basis, 
at the rate of one gram of nitrogen per pot. The yields of the- first crop of ra/^i (grain and straw) 
and the succeeding crop of jowar are given in Ta lile 111. 

Table II 


Analysis of manures used {on dry basis) 


■Manure 



Carlion 

Nitrogen 

C/N .ratio 

I. Compost from mixed farm refuse 



Per ■ f‘ent 

10*I4 

Per 'Cent 

0*98 

1()'35 

IT. Compost from town refuse and night-soil . 

• ,1 < 

, , 


1*26 

1052 '■ 

in. Wood-ash and night soil poudrette 

. • 1 

. . 

1M2 

1*32 

8-43 

TV. Farmyard manure , . . 

. 


M'ua j 

1*38 

10-84 


Table III 

Compewison of different mamires {mean yield per pot — dry matter ) 


Manure applied (one gm. nitrogen per pot) 

Ragi 

Grain 

(gm.) 

Straw 

(gm.) 

Total dry 
matter 

(gta-) 

Jowm' 

fodder 

(dry weight), 

(snn.) 

, , , 

A Control (unmanured) . . . 

, ■5*42, 

'8-25 

13-97 

■' ' 15-43 . 

B Farm refuse compost . 

8-3S ■ 

■12‘I5 

20-53 

24-47 

C Town refuse and night-soil compost 

9-62 

■■ 14-7S' 

24-40 

82-70 

I) Night soil and wood-ash poudrette. 

12-58 

2M2 

33-70 

37*10 . 

E Farmyard manure 

, .9-23 . ■ ' ■ 

'■ I5‘45 

24-B8 

28-47 , 

F Ammonium sulphate . . . 

, 8*18 

11-87 

20'05 

19*47, 

Oritical difference { 0*06) . , , . 

"... j 

2*8T' 

3-01 , 

4-70 

5*14( 


It would be noticed that all the nianures tried (B to F) have given significantly higher yields 
of crop than the unmanured control soil (A). In regaid to raiji grain, the compost prepared from 
mixed farm refuse (treatment B), conapost prepared from town refuse and night-soil (treatment C), 
farmyard manure (E), and ammonium sulphate (F) have given similar increases of yield, whereas 
the poudrette prepared by admixture of wood-asli with night-soil (treatment D) stands out signF 
ficantly superior to any of the other manures. 

The increases in yields of straw in the first season and ufjonxir in the succeeding season are 
also highly significant for all treatments. These stand in the asf.'cnding order of effectiveness as 
follows : ammonimiim sulphate, compost from farm refuse, compost from town refuse and night- 
soil, farm-yard manure and finally poudrette from night-soil and wood-ash. All the manures, except 
ammonium sulphate, leave a highly significant residual effect in the soil, and the extent of the residual 
effect in the second season is in general proportional to the manurial efficiency of the product as 
shown in the first season. 
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A cDinjjarison of the aHalytical figures given in Table 11 with the yield data presented in Table 
HI would show that even tltougdi all the manures have been applied on equal nitrogen basis and though 
the V X ratios of the composts prepared from mixed farm refuse (treatment B) and from town refuse 
and tiight-soil (treatment V) are similar to the C/N ratio of farmyard manure (E), definite differences 
are deserved in the rnanurial values of the three products. The compost prepared from town refuse 
and night-soil (C) is equal in efficiency to farmyard manure, whereas the compost prepared from 
jiiixed fartn refuse low in dung (B) appears to be somewhat poorer in quality. This difference is 
possibly due to ilie I'act that both, farmyard manure and compost (C) were prepared from raw 
product s rich in nitrogen, viz. night-soil in the one case and cattle dung and urine in the other, whereas 
c'oiupost (B) had been prepared from a main bulk of vegetable refuse to which only a small quantity 
of dung was added as starter. It would thus seem that the C/N ratio of a compost product can by 
Itself give no reliable indication of its rnanurial efficiency; but it would be necessary to know also 
the mature and ((uantities of the refuse materials used in the preparation of the compost. 

The outstanding superiority of manure D (wood-ash plus night-soil pQudrette) is presumably 
dot; to the additional efi‘ect of the phosphoric acid (contained in wood-ash) siiperimposed on the bene- 
ficial effect of nitrogen contained in night-soil The red-loam soil used in the present studies being 
por)r in phosphoric acid, tiie effect of added phosphoric acid has been considerable. That the effect 
was n<)t appreciably (lue to correction of soil acidity by lime contained in wood-ash was shown by 
other cr(.>p experiments (not included in the present paper) wherein lime and superphosphate were 
added separately to tlie soil under examination. 


Series II 


Influence of uncomposted materials on plant growth 


The results obtained at Rothamsted [Annual Reports, 1935-1939] and at Tocklai [Cooper, 1939] 
indicate that, under favouralde conditions, uncomposted refuse materials could be directly applied 
to land, with beneficial results on plant growth equal to, and in some cases even superior, to those 
olrtained by application of compost manure prepared from the above refuse. At Rothainsted, straw 
supplemented b}^ adco has iiecn tried, while at Tocklai, mixed farm wastes supplemented by starters 
such as niciphos have been used. The C/N ratios of the uncomposted mixed refuse (along with the 
starter) used in the above cases were round about 30. 

It is well known that green manures with C/N ratios narrower than 20 could be applied directly 
to land with beneficial results on crop growth. On the other hand, it is also known that materials 
of wide C N ratios such as straw (C/N near 80) or sugarcane trash (C/N from 100 to 120) react adversely 
on subsequent crop growth by lowering the available nitrogen content of the soil. The behaviour 
of mixtures of different vegetable wastes possessing intermediary C/N ratios, i.e. between 20 and 80 
has not however received much attention. 


In view of tlie results obtained at Rothamsted and at Tocklai, it seemed worthwhile to examine 
the question over a wider range of C/N ratios. The C/N ratios tried were 100, 80, 60, 50, 40, 30 and 
20 and these were secured by admixing suitable proportions of sugarcane trash, iMclia (coarse) grass, 
mixed fallen leaves, weeds, hongay leaves (ail dried and cut into small pieces) and cattle dung, as 
shown in Table IV. 


The quantity of mixed refuse added per pot contained one gram of nitrogen, except in the case 
of C/N ratios 100 and 80 (treatments B and C in Table IV) wherein it was found possible to add only 
a quantity of refuse containing about 0*5 gm. of nitrogen, on account of the large bulk of the refuse 
which had to be added in order to supply even 0*5 gm, of nitrogen. The refuse was well mixed in 
eacli case with the top three or four inches of soil in the pot, watered and allowed to decompose in 
the soil for a period of two weeks, with addition of water from time to time. After this period, 
ragi was transplanted in a manner similar to that in Series 1. 
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Table IV 


Mij:e(L refuse at differ eni CIN levels 





Air dry 

materials. 



jTotal C and K teken 


.Sugarcane 

trash 

Kni:h(i 

gra,ss 

Fallen 

leaves 

Mixed 

weed.s 

1 1 onjf y 
leaves 

Ca,ttle 

di:ng 

(fresh) 

Cari)on 

I 

Nitrogen 

Analysis (on air dry liasis. 
except dnag vvhich 
is on freslt Lasis). 




rcrysnUujes, 




Carbon 

41-0 

BU-O 

2.S-0 

37-0 

4 DO 

1 7*3 

*• 


Nitrog(?ii . 

0*42 

()'50 

(Miy 

2-20 

3*10 



. , 

Quantities of tonstitucnts 
taben for rjbtaining 
the desired (i/N ratio 
{ B) C^N 100 :1 

125 



\\Otighlii 

in grams 


j m*25 

j 0'525 

(C) „ SO :1 . . i 

. 55 

40 




20 

. 30*5 


(Id 'H):l . 

75 

50 

12 

5 

5 

20 

' , 59*1 

I'OO 

(E) ,, 50:1 

50 

50 

10 

10 

5 

20 

50-0 

0*90 

(F) „ 40:1 . 

50 

20 

10 

10 

10 

20 

40*4 

1*00 

(G) „ 30:1 

30 

10 

10 

10 

15 

20 

30-3 

1-00 

(H) „ 20:1 . . 


10 

10 

15 

15 

20 

19-9 

0-99 


After ragi \¥as liarvestcd, joimr was grown as a succeeding crop, in order to test the residual 
eflect of the ii’antires added. The crop yields obtained are given in Table V. 


Table V 


hijimnce on corp growlk (ff ime/mei^^^ refuse at different C/N levels 


Manure applied 


Mafji 

Jowar 

fodder 

{total 

dry 

matter) 

(gm.) 

Grain 

(gm.) 

vStraw 

(gm-) 

Total dry 
matter 

(gm-) 

(A) Control {no manure) 

•' /. . ' . , . A.',., 



6*35 

9-SS 

16*23 

20-20 

(B) Mixed refuse 0/N 100 :1 

■ , , , , ' . ■ .. ■ * ■ 



5*03 

7*73 

'12*76. 

22*38^ 

(C) „ 80 !l 

. * . 



5'58 

8-37 

13*95 

' . ■'26*87 ' 

(D) „ 60 ;1 




6-15 ^ 

9-27 

■ 1542, 

34*73 

(E) „ 50 :1 




6*88 

1 

10*47 

17*35 

40* 13 

(F) „ 40 :1 




7:‘76 ■; 

12*37 

20*13 

42*77 

(G) „ 30:1 




^ ■■8-92„ 

r. 

1543 

24*35 

41*37 

(H) „ 20:1 




9^95 

■ 20*23; : 

30*18 

38-77 

Critical difjerence (P = O'OS) 




1*77^ 

"'^■2*89; ;i 

3*91 

5*21 
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Tlic dnla |H:esented in Table V lead to the following iiifereiices : 

(1) Wlwh the over-all ( ' ;N ratio of the mixed refuse is wider than 50 : 1, there js a deiinite depress- 

ing (»M <T(.)p yield ; and the depressing effect is greater, the wider the (J/N ratio of the mixed 

refuse fHlde<L The lowering of crop yield, however, is not found to be statistically significant in the 
present experiment. As already explained in an earlier paragraph, the quantity of refuse added 
al the two levels (hN and 80 represented the addition of about 0v5 gnu of ^ 

|H‘r ])ot. whereas doiil)le that ((uantity was added at other levels. It is possible that if the quantity 
of refuse* added liad been doubled at the above two levels, the low'ering of crop yield might have been 
grea^ter and, significant (Table VI). A second factor, probably, was the addition of water at 
:r(*.gu]aj‘ intervals to the pots for two weeks after application of manure, which might have promoted 
rapid deceunposilion of the refuse and narrowing of the C/N ratio before the crop was sown. 

(2) When the C/N ratio of the added mixed refuse is narrower than 50, the harmful effect dis- 
ajipears and is replaced by a beneficial effect on crop growth, which increases with narrower C/N 
I’atios. The beneficial efikd is not significant at the C/N level of 40 (treatment F) in the matter 


of ragi grain or stra w taken separately ; but becomes significant when the total dry matter produced 
(grain and stra.w) is considered. The increases produced in grain and straw become individually quite 


shuiificant at (,' N levels of 30 and narrower, thus confirming the beneficial results obtained at 


jh)thamste<l [Annual Reports, 1935-1939] and at Tockiai [Cooper, 1939] when imcomposted refuse 
was applie(l at tlie alxo^e C/N level. 

(3) As regards the residual values left behind in the soil by the refuse added in the previous 
season, it would be noted from Table V that the depressing effect of mixed refuse of C/N ratios 100 
and 80 persisted only during the first season of application. In the succeeding season, a beneficial 
result was obtained though not significant. The residual effect was highly significant in the case 
of the other treatments, especially where the initial C/N ratios of added refiise were narrower than 
50:1. 


Series III 


Influence op sugarcane trash suppLEMEN'rEo by ammonium sulphate 


Series HI and IV were devoted to a special consideration of the utilization of sugarcane trash 
(leaves and tops), of which large quantities (10 to 15 million tons per year) are available in India, 
but are mostly burnt away. 

As the replenishment of the organic matter level of cane soils is an important factor in successful 
cane cultivation and as the composting of cane trash is a tedious operation extending over several 
months [Tambe and Wad, 1935], it was considered advisable to examine whether favourable 
crop yields could be obtained by directly incorporating cane trash into the soil, along with a suitable 
dosage of ammonium sulphate so as to narrow the C/N ratio of the material to a level, which would 
overcome the harmful effect produced by application of trash alone. 

For this purpose, a series of pots were set up to which were added respectively (i) no manure 
(Series A), (ii) 100 gm. cane trash only (series B), and (iii) mixtures of 100 gm. cane trash along with 
increasing dosages of nitrogen, viz. 0*25 gm.0*5 gm., 0-75 gm. TO gm., 1-25 gm. and T5 gm. of nitrogen 
in the form of ammonium sulphate (series G, D, E, F, 6 and H). Each series carried six replicates. 
The G/N ratios of the mixtures added in the different cases are shown in Table VI ; these varied from 
97*63 to 2T35 — roughly over the same range as the uncomposted refuse mixtures tried in series II 
(Table V), 

In order to promote uniform admixture with the soils the cane trash was cut into small pieces 
and mixed with the top three or four inches of soil, moistened with water and allowed to decompose 
for a period of 10 days. After this, the required quantity of ammonium sulphate was added in solu- 
tion and distributed uniformly over the top surface, which was then stirred up and well mixed. 
At the end of another five days, ragi seedlings were transplanted into the pots. The succeeding 
details were the same as in the earlier series. 

Since the second crop of grown in order to test the residual effect, was badly damaged 

by insects, the yield data for the first crop of ragi only are given in Table VL 








i 
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Table VI 

Influence of sugamme trash sup})lemented by annmonmm s^ilphate 

I I Mean yield of raffi pe.r pot 


Manure applied 


C/N ratio Grain Straw 

/ \ ^ \ matter 

(gm.) (gm.) 


(A) Control (no manure) 



5*93 

(B) 100 gm. cane trash only . . 

97*63 

3*47 

(C) ,, 0*25 gm. N as ammonium sulphate 

6M9 

4'92 

(D) „ 0-5 gm. N 

44*57 

.. 5*73 

(E) „ 0-7ogm. N 

35*04 

6*72 

,• (E) „ 1-00 gm. N 

28*87 

7*77 

(G) „ 1-25 gm.N . 

24*56 

9*78 

(H) „ 1-60 gm.N 

21*35 

11*13 

Cntical different {P = 0*05) . . . .... . : 


1-96 


A comparison of the data presented in Tables V and VI would show that they ‘are in general 
similar, indicating that at corresponding C/N ratios the observed effects are alike wliether the C/N 
ratio is secured by selective mixing of vegetable refuse of different C/N ratios or by adding artificials 
to vegetable refuse of wide C/N ratio. 

In the present case, it was found that the marked depressing effect on crop yield produced by 
cane trash alone, can be overcome by the addition of 0-75 per cent of nitrogen on the weight of the 
trash. This would correspond to narrowing the C/N ratio of the trash to about 35 : I. 

A significant beneficial effect on crop yield is noticed when the nitrogenous supplernent added 
is at one per cent level on the trash or higher. The above one per cent level of added nitrogen gives 
a C/N ratio of 28*87, which approximately agrees with the C/N ratio of 30 :1, found necessary with 
mixed vegetable refuse in Series II to give a significant increase of crop yield. 

A comparison of the data presented in Table VI treatment F and Table III treatment F, wherein 
one gram of nitrogen in the form of ammonium sulphate had been added with and without 
sugarcane trash, would show that the yield of ragi grain is more or less similar in both cases, but the 
yield of straw and of total dry matter are markedly higher where sugarcane trash had been added 
along with ammonium sulphate (Table VI), The difference is presumably due to the improved physi- 
cal and biological conditions created in the soil by the addition of cane trash. • 

Series IV 

Inflitenge op cane-trash supplemented by oil cake 

It is a common practice on sugarcane farms to apply large quantities of oil-cake as manure. 
It was considered desirable to examine whether a considerable amount of cane trash could not be 
incorporated into the soil along w-ith the cake, so as to provide bulky organic matter which would 
improve the physical condition of the soil and react beneficially on crop growdh. 

For this purpose, a series of pot cultures was run on lines quite similar to Series III, except that 
hongey cake (containing 4*2 per cent nitrogen and 1*95 per cent P^Or,) was substituted in place of 
ammonium sulphate. There were eight treatments (Table VII) as in the last series, wdth graded 
doses of hongey-cake so as to provide nitrogenous supplements at the rate of 0*25 gm., 0*50 gm., 
0-75 gm., i*0 gm., 1*25 gm. and 1*50 gm. nitrogen per 100 gm. sugarcane trash added. The cane 
trash (cut into small pieces) and hongey cake were added to the pots at the same time and well mixed 
with the top layer of soil, moistened with water and allowed to decompose for a period of two w^eeks. 
before transplanting vagi. Series III and IV were run simultaneously and in the latter also, 
the second crop of jowcir had to be discarded on account of a bad insect attack. 

The yields of the first crop of (grain and straw) are given jn Table VIL 


184 


THE IHDI.4K JOUENAL OF AGEICITLTITRAL 80TENCE 




Table VII 

lufluenee of miiictwes of sngmeam trash and Imigey e/ife 


Alan lire applied 


(A) Control (no inaii lire) 

(B) 100 gin, sugarcane ti-asb only 

(C) ,, pins hongey cake at 0*25 gm. K 

(I)) at 0*50 gm. K 

. (E) at 0*75 gm. H ■ 

|F) „ at l'OOgm. K" 

(0). at 1*25 gm. K 

(H) ,, at l-50gm. N 

CkUicid differ^^ {P = O’OA) , . 


C/N ratio 


97-63 

61-19 

44-67 

35*()4 

28-87 

24-56 

21-35 


Mean yield per pot of ragi 


Grain 

(gm.) 


5-23 

4- 03 

5- 10 
7*25 
9-52 

11-57 
13*52 
1 1.) * i i.) 

1-67 


Straw 


lO'lS 

6-4() 

9-37 

12-43 

16-07 

19-75 

23-13 

26-03 

2-90 


Total 

dry 

in at ter 
(gi«-) 


:i5-4i ■ 

10-43 

14-47 

19-68 

25-59 

31-32 

36-65 

41-18 

3-19 


A eonipanson of the data presented in Tables VI and VII shows not only general siffii]arit}r, 
]>ut also reveals some marked diflhrences in the magnitude of effects produced. While in the case 
of (‘arie trash plus ammonium sulphate, the latter had to be added at a level 0*75 per cent nitrogen 
on the trash in order to overcome the depressing effect on succeeding crop growth, and at a level of 
1*00 per cent nitrogen in order to obtain a significant increase in crop yield over the untreated soil, 
in the present series of cane trasli plus hongey cake, the addition of the latter at a level of 0*5 per 
cent nitrogen is suflicient to give a significant increase of crop yield. The above difference in beha- 
viour between ammonium sulphate and hongey cake is explainable as being due to the fact that 
hongey cake contains a good amount of phosphoric acid (1*95 per cent), wliich exerts a positive in- 
fluence on crop yield, supplernentary to the effect of nitrogen contained in it. 

The influence of the phosphoric acid present in hongey cake is also noticed in the relative ratios 
of grain/straw in the data presented in Tables VI and VII. It would be noticed that while the ratio 
is near 0*5 in Table VI it is near 0*6 in Table VII. For each definite weiglit of straw, the corre- 
sponding weight of grain is greater in Table VII than in Table VI. 

• Discussion 

The present pot culture experiments reveal that the C/N ratio of a compost by itself cannot 
give a reliable indication of its manurial behaviour. Composts possessing C/N ratios near 10 : 1 
may vary greatly in their effect on crop yield, depending on the nature of refuse materials that were 
used in their preparation. Evidently, there appears to be considerable variation in the degree of 
availability of nitrogen and of phosphoric acid present in composts, even though the C;'N ratios may 
be quite similar. In an earlier paper [Acharya, Parthasarathy and Sabnis, 1945] it was suggested 

that the above differences in availability of nitrogen may be related to. the proportion 

residual 

nitrogen that may be present in composts. Very little wmrk has, however, beeii carried out in tliis 
direction. , , ' ' 

The present experiments also indicate that mixed farm wastes could be applied to land direct ly 
without prior composting, provided that the C/N ratio of the mixed refuse is 30 or narrower. The 
advantage of the above procedure would be that the cost and trouble of preparing compost could 
be avoided, but on the other hand, the cost of application to land may be increased on account of 
the larger bulk of refuse that would have to be, dealt with. In addition, there are other likely dis- 
advantages in applying uncomposted refuse to land, such as the incorporation of a large amount 
of weed seeds along with tlie refuse, which might prove a nuisance later pn, the possible dovelopnient 
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of white-ants (tern/ites) on a lar^e scale in the soil, and a possi))Ie depletion of soil rnoisi nre on nceount 
of the application of Iar<i:e ( inantities nncomposted dry refuse. All these factO!*s may a luinuiiLi 
effect on thisAsiicc'eeding cro}). ‘Further, the land itself may not he ready to receive odd quantities 
of refuse that would be collected every day and all such daily collections miiy have to he stored in 
some manner till the next sowing season comes in, which would again introduce the same problem 
of manure preparation. Ii\ certain special cases, however, especially in areas under iri'igation or 
lieavy rainfall, it may be found feasibie to add uncomposted refuse directly to tlie land aiul, in such 
cases, the experimental data presented in this paper would indicate the safeguards, regarding the 
the C/N ratio of the niixed material, that would have to be adopted. 

Tlie practice of ploughing in uncomposted refuse directly into the soil may pro\’-e specially feasible 
in the case of sugarcane lands, which receive heavy manuring with aitiHciais nr oilcalce, and where 
at present most of the trash is thrown away or burnt on the groiind. Usually to 5 tons of tra^^^ 
per acre are available on such lands and tliese 4:Tmld be usefeilly ploiigiied in, along with a supplement 
of 30-40 11). of nitrogen in the form of oil-ealce or 40-50 lb. nitrogen in the form nf ainnioniiim sulphate, 
preferably supplemented Ijy some supefpliosphate. It would be found ad\'[sable to plough in tlie 
trasli soon after tlie cane season is over and apply the cake or ammonium sulpliate shortly before 
the next crop is planted. This procedure would serve to return to the soil a, huge rpiantity of organic 
matter and thus help to keep the soil in good physical and biological condition. 

Summary 

1 . Pot culture experiments, growing mgi and joimr on a red-loam soil, were carried out in order 
to : (a) compare the manurial value of composts prepared from farm and town wastes, against farm- 
yard manure, ash poiidrette and ammonium sulphate ; and (b) to examine tlie effect on crop growth 
of the application of uncomposted refuse material of different C/N ratios ; for this purpose : (i) mixed 
vegetable refuse of different C/N ratios and (ii) sugarcane trash along with, graded supplements 
of aramonium sulphate or hongey cake were tried. 

2. The manures examined were found to increase crop yield in the following descending order of 
effectiveness : Poudrette from night-soil and wood-ash, compost from night-soil and town refuse, 
farmyard manure, compost from mixed farm refuse and lastly ammonium sulphate. 

’ 3. All the nianures, except ammonium sulphate, left a significant residual ■ eflhct in the soil 

4. Uncomposted mixed refuse produced a depressing effect on crop growth at C/N levels wider 
than 50 :1. and yielded significant crop increases at C/N levels of 30:1 and narrower. 

5. The application of uncomposted sugarcane trash to the soil produced a marked decrease in 
crop yield. The harmful effect could be overcome by the addition of ammonium sulphate at the rate 
of 0*75 per cent nitrogen on the dry matter of the trash. A significant increase in crop yield over 

^ untreated soil could be obtained by increasing the supplement of ammonium sulphate to a level of 
one per cent nitrogen on the weigh t of the trash. 

6. The increased crop yield obtained by the addition of cane trash along with a supplement of 
one per cent nitrogen as ammonium sulphate was found to be better than the yield obtained by tlie 
addition of the same quantity of ammonium sulpliate alone. The difference was attributed to the 
beneficial effects produced in the soil by the added organic matter. 

7. Hongey cake was found to be more effective than ammonium sulphate in overcoming the 
depressing effect of sugarcane trash on crop yield. . The addition of a supplement of cake at the rate 
of 0*5 per cent nitrogen on the weight of trash was sufficient to give a significant crop increase over 
the untreated soil. This superiortiy of oil -cake is attributed to the phosphoric acid contained in it. 

8. The advantages and draw-backs of applying uncomposted refuse to the soil have been discussed, 

^ It is pointed out that, in the case of sugarcane soils, it may be found advisable to plough into the soil 

all the cane trash left on the field, along with a suitable supplement of oil-cake or ammonium 
sulphate, applied either along with the trash or at a later stage prior to the sowing of the next crop. 

It is suggested that this procedure would help to supply a large quantity of organic matter to the soil 
and thus to maintain the physical and biological conditions .of the soil under optimum conditions 
for sugarcane growth. 
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S<nm OBBiafVATTONB ox THE RUST OF GRAM {CICER ARIETINUM L.) 

Bj' P. R. -Mehta* and B. B. .\fcNDKaR, Tniperia,! Agricultural Research lii.stitute, New Delhi 

(Reeeiv ecI for publication on 1*5 September 1945) 

(With two text-figiires) 

G ram, mist paused bv UramyceH (ncer!R~((}iMim (Grognon) Jacz. is prevalent in several parts of 
India. In northern India it is eomnion in .Bihar, the United Provinces, the Punjab and the 
North Western Frontier i^rovince. In the warmer districts of the U.P. and in Bihar where the crop 
matures earlier, tlie damage caused is not very appreciable l)ut in the cooler northern districts of 
tlte U.P., the Punjab and the N.W.F.P., the appearance of the disease often coincides with the 
maturation ])e?‘iod of the ])od and badly rusted plants consequently give poor yields. The disease 
appears to be cotnmon iii the countries bordering the Mediterranean and in the Balkans. 

Tins rust has not received attention, so far at the hands of tlie pathologists and, excepting for 
a brief account by Butler [1018], there is hardly any literature on the disease. It was first collected 
]>y Grognon at Soane, on the river Loire in France, and named Uredo ciceris-aHehm by him in 1863 
but tlie telial stage was found l)y Boyer neiir Montpellier and named by Jacjewski in the publication 
by Boyer and Jacjewski [1893], The earliest record of it for India is by Barclay [1890] who tenta- 
tively placed it in Vromyces pisi, 

Tlie work reported Iiere was undertaken in 1938 with a view to study the life history of the rust 
and to see if there are varieties of gram that are resistant to its attack. The work had to be ended, 
liowever, a year later when the first author was transferr€d to Cawnpore. Some of the interesting 
observations made in the course of the study are placed on record in this paper. 

MorphO-LOGY of the rust 

Uromyccs ciceris-ariethii is a bemiform, the pycnial and the aecial stages being unknown. The 
uredia are as a rule hypophyllous and scattered, minute, round, pulverulent when mature and cinna- 
mon-coloured. The urediospores are globose to subglobose, loosely echinulate, 20x28(ji in diameter, 
yellowish-brown witli a rather thick epispore and four to eight germ pores. The telia resemble the 
uredia but are darker brown ; the teliospores are variable in shape, round, ovate or angular with 
a roundish, imthickened apex and brown, warty or roughened wall. They measure 18 to 30p 
by 18 to 24 g and have a short, hyaline pedicel from which the teliospores get readily detached. 
They have a single germ pore, v^hicli fact and their somewliat deeper coloured epispore distinguish 
tliem from the urediospores. 

(^areful search in gram fields has not revealed any pycnial or aecial stages on tlie gram plants 
nor have any weeds been found in the vicinity, bearing pycnia or aecia, which might be considered 
as stages in the life history of this rust. 

Now As.si.staat Professor of Potany, Agrieultaral College, Cawnpore 
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Symptoms of the disease 



The rust appears as a rule at the end of February when t}i(3 plants are aboiii. foin* inoiH Jis old- 
111 rare cases, it has been observed as early as the first week of Febniar}'. Dae to tfiis lat(‘ apiiea.rance 
of the rust, inociiliiiii for experimental work does not be(3ome available early enough, unless some 
special device is discovered for keeping the spores of the previous season vialile. The symptoms 
which the disease produces are very simple. There is no stiiiiting of growth, witches’ broom or 
hypertrophy. The leaves become crowded with small, round or ovah ciniiaoion- brown pustules 
which tend to coalesce. The petioles and the stems may also bear a few pustules, especially when 
the rust is very severe. 



Fig. 1. Oram rust {Uromyces cicerk^arictmi). Infected leaf X2. Uredia and telia with spores xloO 


Germination of the spores 

Butler [1918] states that the urediospores remain capable of germination for at least a month 
but does not say whether he succeeded in germinating the teliospores. Considerable work lias been 
done in these investigations to obtain the germination of lioth the spore forms and to see how long 
they remain viable. 

Leaves of IP gram variety 17 containing both the uredia ami the telia were collected in Apri! 
1938 at Karnal. The material was divided into four lots and stored under different comlitions us 

follows,: , ^ ^ 

(1) Leaves packed in cellophane packets wliicli were tlien placed in stout maniia enve!(,)pes 
and stored in a refrigerator at 6'^C. 


i (2) Leaves placed in a dry glass tube which was then tightly corked and sealed with wax 

’ and placed in ice in the refrigerator. 

(3) Loaves packed as in (1) and then buried in dry, sterilized soil in pots and tliese pots Icept 
in the open. 

(1) Leaves packed as in (1) and the envelopes stored in shade in the laboratory. 

,> urediospores and the teliospores were tested for their gfumunation immediately liefore storing 

f tests were repeated once a fortnight thereafter. 

In order to standardize the method of germinating the spores, the following three tests wo‘re 
macle : (1) germinating the spores in a drop of water placed on a slide and iiunibating them in o moist 
’ - ^ chamber ; (2) floating the spores on water in Syracuse watch glasses and then counting those that 
’ have tTerjninated ; and (3) dusting the spores on moistened cellopluuv'- strips. Tlu^ Inst named 

* niethcxl eave uniformly good results and was adopted. For this purpose, the (Mdlo|)!mne sheet was 

' cut into strips two inches long and one inch broad and soaked in water for six hours. They were 

I jerked to remove excess water and placed flat on the slide. The spores \vere dusted on the 
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After liavin? foiui.l the most suitable method of germinating the spores, atteulpt? n-eie directed 
towards iiiidin^ a suibibt' medium in which to germinate thenu The following liqitids were tried 
and the rosultn are riMAorded in Table I; 

, ■ ” . Table I 

Fer ceni getmimidon rf ureiUospores at 32"^ CL after 36 hours 


Medium 


i>istiiled witter 
Tnp water, 

IMll per cent tnaiie acid 
0*a5 per cent malic acid 
Od percent malic aciti 


Percentage 


88 

84 

86 

92 

66 


The spores gerrainattMl rjoite readily producing the germ tidies in two liours. The germ tubes 
followed a, rather tortuous eourse. there lieing a single germ tube per spore in a majority of the cases. 
They attained a length of 2<j0 to 4()0(x, after which the apical cell became markedly swollen and 
often lobciL The protoplasm got accumulated in the apical cell and one or two adjacent ones, while 
the rest of the tidic was empty. As the per cent germination in distilled water was sufficiently 
high, it was alone used in subse(|uent trials. 

The effect of temperature on freshly collected urediospores was then studied. The spores were 
inounted on cellopliane strips soaked in water and the moist chambers were placed in incubators 
adjusted to different temperatures. The results obtained are recorded in Table IL 

Table II 

EJfeci of temperalwre on the germination of the urediospores 


Tenipf'Oitiire C. 

Per cent gemiiiuitiou 

A\^erage length of 
germ tubes in g 

17 ' ' . . , . ■ . , . ’ 

86*4 

120-0 

. » # » » * • .'*»■ »'. • • • • 

84-5 

186-0 

22 \ . ■ * " *■ ' ■ . ■ • . ■ ■ • , " . 

86*8 

823-0 

'» • fc • If • % *. 

85-9 

880-0 

9 « -a «■ * » ■* ■ * ■ ■ m * • • 

. '82-6 

' 125-0 ■ 

37 ... . . . . . . ., , 

56*2 

80-0 


It will he noted from the da,ta recorded in Table II that temperatures iietwecn 17''' to 32'''C. 
are very favourable for the gei’inination of the spores thougli temperatures lietween 22'"' to 2G''C. 
appear to favour more vigorous and better growth of the germ tubes. Aliove 32®C. gerinination 
declined rapidly. 

Viability OP 11-iE uMDiDSPOREB ^ ^ • 

Germination tests to see the viability of the urediospores stored under diftnrent conditions )vere 
conducted every fortnight commencing from 15 April, 1938. It was found that the spores 
frojn the material buried in the soil in pots and placed in the open lost tlieir viability \^■ithin two 
weeks. The spores from the niaterial kept in the laboratory at rooin temperature of 3fT‘ to 40"'C. 
showed only two per cent germination after two weeks and none after four weeks. The spores fT'om 
the matej-ial kept in sealed glass test tubes and ejnbedded in ice continued to germinate normally 
until t}i(‘ end of the foiirkicntli week wlien water accidentally got into the tube and the per cciit 
germination thereafter became low and by the eighteenth week it entirely ceased. Tlie material 
kept in the .]■e^rigerator cJiambej* at fT'C. continued to germinate till the following December, that 
IS up to 34 weeks. xl gradual decline in germination became noticeable, however, after 
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the tweiityftrst week onwards aiid tlie geroi/ tubes showed' a teildc^ncy to burst at the apex 36 
hours after the spores, .started ger.mi.iiation wliich was not shown by freshly collected,, spores. It 
wiil be manifest from the,se tests that iirediospores- stored .under suitable coiiditio,ns, remain alive 
until long after the gram crop of the succeeding season has been sown (usually in early October). 
The results are shown in the following graph (Fig, 2) 



GeRMINAIUON OF THE TEUIOSPORES 

Several! attempts were made to germinate the teliospores. Alternate <'hilling ami thawing, 
clfects of the vapours of alcohol, cliloroform, different concentrations of ethylene chlorhydrin, effect 
of soaking the >spores in water for different periods, etc. were tried. Teliospor’es collected early and 
late in the season and from soli from partially shaded plants were also given a trial. In all cases 
unilbrmly negative results were ol)tained. A more careful investigation is, however, necessary to 
elucidate the factors that induce the teliospores to germinate* 

IkFEOTION EXPERIMENTS 

Jiifectioii experiments were carried out in two ways. Clinton and McCormick [1924] reported 
a method of infecting detached but still living leaves of the host plant with rusts, which has l)een 
further elaborated by Waters [1928]. That method was used in the first set of experiments. 

Tender shoots with a few leaves were detached from one month old plants and washed several 
times with sterile water. They were then placed in large petri dishes containing five per cent cane 
sugar solution and the iirediospores were applied with a brush. These dishes were placed in inca};>ators 
regislering IT^'C., 20'"C. and 21‘^C. temperatures respectively. The sugar solution was changed 
every third day Imt tlie shoots were exposed to strong light for Jialf an hour daily. The results 
are recorded in Table 111. 



Table in 

Effrrf of ffopf pemf me oE the imubaf ion period of'ihe'urefMal aifuje 


Te/n{K‘r<iture ‘XI 

Incuiuitiou period 

■■■ ■ ■ Character of the soros ■ ' 

8. . “ . . . . . . . . ■ ■ . 

27 days 

, Num.e.rou,s, ti,ny , 

17' "■ . . ■■ . *' , . . . . ■ . 

17 days 

Numerous, tiny ■ ■, , 

.20 „ ■ .. ■ . . . ■ . ■ . 

13 days 

Few, large 

24 . 

11 days 

Few, large 


The shoots kept in the incubator registering 24^C. turned yellow after two weeks. Some shoots 
were also kept at a temperature of 27°C. but the material could not be kept alive even for a week. 
Telia were not formed on any of the shoots in these experiments. 

In a second set of experinients, the tests were carried out on plants growing in pots. The plants 
were about six weeks old. They were first sprayed with distilled water the previous evening and 
placed in a chamber over night. Early the next morning they were sprayed with suspensimis of 
spores and the plants were piaced in an incubation chamber for 24 hours, after which they were 
placed on the green liouse bench. Later in the evening, some pots were placed in chamber number 
one in the pot culture house where the temperature varied from 22'^C. to 30°C., a second lot in chamber 
number two where the temperature varied from 2()‘^C. to 27®C. and the last lot in chamber number 
three where the temperature varied from 17°C. to 24°C. The plants kept in chamber one developed 
chlorotic areas on the seventh day and the pustules erupted through the epidermis on the eighth 
day ; those kept in chamber two showed the chlorotic areas on the eighth day and the sori erupted 
on the ninth day ; those placed in chamber three showed the chlorotic areas on the eleventh day and 
the pustules erupted on the twelfth day. 

In these experiments the urediospores used were those stored in cellophane packets and kept 
in the refrigerator under dry conditions at 6°C. It will be noted that the urediospores not only 
remain %dable for over 34 weeks if stored under proper conditions but are even able to attack 
the host and bring about infection. The tests were carried out in November, 1938, at which time 
the urediospores were about 27 weeks old. 

Development OB THE TELIA 

Plants of IP variety 17 were raised in small pots in November and the plants were infected 
after they 'were four, five, six, etc. up to sixteen \veeks old using two pots for each test. The telial 
stage appeared tcjwards the end of xMarch irrespective of the time of infection or the age of the plants 
when they were infected. It is manifest therefore that the appearance of the telial stage depends 
on a complex of climatic foctors that are prevalent about the end of March and not necessarily on 
the age of the plants when they are infected. 


VaEIETAL RESISTANCE 

In order to determine the resistance of some gram varieties, plants were grown in small pots 
and infected when they were 16 days, 30 days and 45 days old* The .same procedure for infocting 
the plants as before was followed* The pots were watered with a constant quantity of water every 
36 hours. The following Imperial Pusa varieties of gram were tested i 2, 8, 9, 10, 12, 14, 
17, 21, 30, 32, 43, 50, 53, 73, 78 and 82* 

Due to the small size of gram leaves it Avas difficult to estimate the area of the leaf occupied by 
the sori using the method adopted by Fromme and Wingard [1921] for bean rust or tlie standard 
method in use in the United States Dept, of Agriculture for wheat rust. The following method was 
tlierefore adopted ,* the attacked leaves were carefully washed with water Using a sprayer to remove 
the superficial spores which otherwise obscured the leaf area occupied by the sori. ^ Numbers, 1, 
2, 3 and 4 were then assigned to indicate the severity of infection, 1 indicating least infection and 4 
the highest, for each plant as a whole. 
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Tlie results tliiis olitaiiied were (dieelon] hy obtaining randoiu samples of leaves, boiling them 
in alcohol to reinove the chlorophyll so that the sori ('ould be (t<au‘ly seeii and then coimting the sori. 
In severe infections 74 sori were i*oiinted on a plant wlnn’cas in mild iafeition as few as eight were 
present. A key to the numbers to dtmote tlie severity of infection is given below : 

l='Piistiiles very minute; secondaiy sori nil ; epidermis slightly niptiired ; no chlorosis 
aroiiiid the pustule : leaves ami larely stipules affected. 

2 —Pustules medium .sized: stTaindary sori absent; slight yellowing around the pustules, 
sometimes violet ; (*pi<]tirrnis sliglffly ru[>tu!‘ed ; leaves mainiy affected, petioles only 
■ slightly. ^ ^ ‘ ^ ^ ‘ 

' ff— Sori. medium 'sized ; secondary sori :few' ; 'epidermis ruptured;' severe' yellowing of yo'unger' 
leaves and production of violet colour in older ones ; leaves and petioles attacked. 

. 4 —Sori big secondary sori very common ; epidermis completely ruptured ; extensi've chloro- 
sis and yellowing of the leaves ; leaves, ))etioh\s ami stems tilso attacked. 

The data 'are presentrul in Table IV'., 

, ' Table'IV'.;' 


SnseepiMUty of\IP'f]ra/m/tmneMes to rust infection 


.'Variety' ' 

Severity of iiileetioB ■ , , 

10 (lays o’ld 

30 days old .' 

■ 45 days 'old 

2 '. . . ' ' , 

4 

' 4 

4'. ' 

8 . ■ . ' 

' 1 

' 3"' 

.' .3' . 

i) . . . . : . . . , 

2 

2 

. 3 

10 . . . 

■ 3 

4 

,4 . 

12 

1 

4 

4' '. , . ■ ■ '. 1 

14. . . ' . 

4 

3 , ■ ■ ■ 

. 4 ' , 1 

17 . , ... , . . , . ' . ' ... ■ . . 

3 

, 3. 

3. , ' " ", '! 

21 .. . ' . .. ' . . ■ . 

2 ■ 

3 ' 

. 2: ' I 

SO ... . ' . 

4 . 

, 4 

3 ■.' ■ ■ 

32 . .. ' : '. ■ , ' 

.■ '* ' 3 

. 2 ' 

.' 2. .. 

43 . '' . ' . ', ' . . 

■ .1 ' 

.3 

i '■■ 3" 

50 , . . .■ ' ■ '. . . .. . 

■ '3 

' ■ 2 ' ' 

! ' 2 

52 , . ' .. .. ^ . . '. ■ . , . 

■ 1 . 

■ 2 

2', 

.,53 .... .... ... . .. . 

4 

. n' . 

4.'. ' ] 

63 . . ' ■ .. ' . ' '* ■ 

' . 2 " 

■3,' 

■ 3 "' ,, ''..I 

78 . ' ; ■ ■■■ ....... 

..1 

' ' : 3 ' ' 

. . '2 

82'. 

, "V 'S..' 

, T't'' , 

' 'S'- ,",V''''| 


From the data recorded in Table IV, it will lie observed that some of the varieties do have a 
certain amount of seedling resistance which, however, gets broken in the adult .stage. In one case, 
that of IP variety 82, the plants that were susceptible in the seedling stage, have shown some adult 
resistance. A certain amount of correlation between tlie age of the plants and their susceptibility 
to infection is indicated. 

These experiments have shown that the method of infection and of taking the readings are 
satisfactory. The results are an indication of what can lie achieved if large scale experiments are 
undertaken and that among the numerous varieties of gram there may be varieties that have resis- 
tance to attack by this rust, and that such investigations if undertaken may give fruitful results. 

Fielu observations 

In April 1939, one of us (P.R.M.) proceeded to Karnal to take observations on the gram crop 
growing there and the extent of attack of the different varieties, of wliicb sixty were under cultiva- 
tion. The following observations were made : 

Highhj infected : IP 15, 22, 23, 24, 34 and 58 

Moderately infected : IP b 2, 3, 4, 12, 14, 16, 25, 26, 28, 44 and 48 
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Hliiihthi hlfpcfeil: 11' 29, 30, 31, 32, 33, 35 and 55 
.\'o ni'xl o,> plat, I.S : IP «, 10, 11, 13, 17, 18, 19. 20, 27, 
49. 51 52, 53, ,54, 56, 57, 59 and 60 


36, 37, 38, 39, 40, 4 1, 42, 43, 45, 46, 47, 


i ’ • 


Dibcussion 

Tlie inv<‘srigation.s re])ort(Hl in this paper have furnished one definite eonclusion that it is possible 
to kei-p the ureiliuspores viable for 34 weeks, and perhaps more, so that inocruliim is 
ai>li* for experimental vsurk in the succeeding season without having to wait for the appearance of 
the disease in nattire, While resistance tests have not given conelosive results, indications are that 
there exist varielies of gram that are resistant to this rust. In these tests it was noted that not all 
the plants of a single variety showed the same intensity of attack indicating that so for as their re- 
action to the disease is concerned, they may be heterozygous. It should be possible to build up 
resistance in selections from such varieties. By including a larger iniml>er of varieties obtained from 
all over the country and al:)i*oad and concentrating attention on adult resistance, as the disease does 
not appear in the fields before the plants are 10 to 12 weeks old. it should he possible, we think, to 
obtain highly resistant varieties. 

Success has not attended our efforts to germinate the teliospores and the matter may not be 
simple. Further work is necessary so that the capacity of tlie sporidia to infect gram plants or others 
has to !)e carefully explored. As the iirediospores stored at laboratory temperatures or ))iiried in 
the soil lose their viability within a month, there is little doubt that in nature they do not play any 
role in bringing about rust epidemics. As the disease does not appear before February, and answer 
to the question ‘where it comes from’ will give clues for devising other methods for its control. 

Summary 

The morphology of gram rust is given and the symptoms it produces are described. It has 
been shown that the urediospores germinate very well in 0*05 per cent malic acid sol iition and also 
in distilled water and that a temperature of 20°(A to 26^C. favoured both good germination and the 
best growth of the germ tubes. Urediospores stored at room temperature or i)uried it in the soil 
in pots left in the open lust their viability in two to four weeks but if stored at a cooler temperature, 
especially at Cj%\, they kept viable for a long time. 

Detaclied gram leaves floated on sugar solutions were readily rusted by the urediospores of the 
previous season stored at 6*^0. and they were also able to infect gram plants growing in pots. The 
incubation period for tlie appearance of uredia was about 27 days at S'^C. but onlv 1 1 to 13 davs at 
2(fG. to24T. ^ ‘ ■ 

A number of gram varieties were tested to see their ability to resist the disease. fSome showed 
Sfiedling resistance which broke down as the plants grew older. One variety which was rather sus- 
ceptible in the seedling stage was mildly attacked In a more adult stage, perhaps because it had adult 
resistance, 

Teliospores could not be germinated and the pycnial and the aeeial stages are still unknown. 
Tlie impli(‘ations of the observations made in these investigations are discussed. 
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SKED TRANSMISSION OF STEM-ROT OF JUTE AND ITS CONTROL 

By B. S. Varada Rajan and J. S. Patel, Jute Agricultural Researcli Laboratories, 

Dacca 

(Received for Publication on 21 July 1945) 

(With Plate XIX and one text-figure) 

V ARADA RAJAN and Patel [I9i3] have suggested that the infected jute see4 is a more 
important source of primary infection of Maemjyhomma phmeoU (Alaul>l) Aslihy than the soil 
In some samples they found as much as 30 per cent infected seeds. The work reported herein 
furnishes evidence for transmission of the disease through the seed, measures for the eliniinatioii 
of seed-borne infection and some data on the role of seed and soil- borne infections. 


SkEB INFECTION 

.Evidence for pteed-horne infection. That the disease is transmitted througli the seed was siis- 
peeted when superficially sterilized seeds grown asceptically in tidies produced rots, liyphal growths, 
and lesions on unviable seeds, sprouted seeds and seedlings. The fiingiis isolated froin these infections 
was Macrophowina phmeoli. When the seeds were washed in sterilized wdter and sown on sterilized 
soil, 25 per cent of the seedlings were found to be infected and the symptoms were typical 
of the diseap as it occurs in the field. When the sterilized water in which the seeds were shaken 
was examined under the microscope small sclerotia were noticed. This suggested that the fungus 
is borne on the surface of the seed, Sclerotia and pycnidia are found on the outer surface of tlie 
entire' seeds, 

To ascertain whether the fungUB harbours within the seed, seeds were superficially sterilized 
and plated on potato dextrose agar and incubated at 32°G, From data given in Table I it appears 
that the fungus is embedded within the seed. The difference in the percentages of infection may be 
due to the differences in the penetrating power of the chemicals. 


Table I 


Test for the seed-carriage of the fungus 


Treatment for 20 minu tea in 

No. of seeds 
plated 

Percentage 

infected 

. ' %■ . • ^ . , , . ^ . 



Formalin 1 percent . . . . . .... . . . . 

1586 

2*67 

Mercviric chloride 0*01 per cent . . . , . . . 

1651 

1 sai 

Sulphuric acid 5 per cent ....... , . , . 

1751 

4*05 

Hot-water (75°C.—80°C.) .... . , . , 

1730 

0-00 

Untreated . . ♦ . . . . . . . ... 

1770 

8*87 


Macerated seeds when examined under a binocular microscope show sclerotia and mature liyphae 
under the seed coat, and sometimes in the cotyledon. Hand sections of discoloured seeds show 
numerous sclerotia and mature hyphae within the tissues (Plate XTX, figs, 1-3) 

Mode of seed-infection. Repeated observations carried out over a number of seasons liave 
shown that the various stages by which infection takes place are as follows. 

The flojiver-bearing branches are commonly infected througli the leaves of axillary branches. 
The rot spreads upwards and infects the capsules. Direct infection of the capsule through pycnospores 
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has also lieeii noticed. The infection covers the capsule and enters within from the apex. The 
scderotia oc-cur on the placenta as well as in the locules, but they are denser at the distal end. At 
the proximal iuid the seeds remain free from Infection. They ftmgus penetrates^ seed tissues, 
possibly through the iriicropylar end. 

Mature capsules on infection often split and shed the seeds. The immature capsules on infec- 
tion dry up and drop olT. In split capsules, exposed seeds have pyenidia. The extent of capsule 
infection varies from year to year depending upon the rains. Late rains cause extensive capsule 
infection. Early maturing types are usually caught in the rains and are badly infected. C, eaps^dans 
Is infected more than 0. olitorim or other wiki species of Corehorus. 

Technique for the deteclian of dueased seed. Several methods were tried out for estimating 
the percentage of infei^ttnl seed, but that of plating SO seeds on 10 c.c. of potato dextrose agar in 
petri dishes (10(^ mm. X 15 mrn.) proved the handiest and the quickest. Plated seeds were 
incubated at 32'^(y until the geroiination was complete and the colonies had grown to about one 
centimetre. Hyphal growths were visible bn the seed within 24 hours and the sclerotia could be 
seen in the medium within three days. By this time distinct colonies were formed around con- 
taminated seeds. In a plate all the infected seeds did not put forth fungal growths on the same 
day. This variation was attributed to the differences in the extent of infection and the depth 
at wide li the fimgus was embedded. While only Macrophomma phmeoli was commonly obtained 
from such isolations, occasionally sp., Phomopsis sp., Fusarmm sp, md some general 

fungal and bacterial contaminants vyere isolated. The stem-rot fungus could be recognized l>y its 
characteristic uprigiit hyphal growths from the seed and by the formation of small sclerotia. The 
disease percentage was Calculated on the number of seeds sprouted or imsproiited which yielded 
Macrophomma fungus. It only took about a week to complete the pathological examination of a 
sample of seed. 

In determining the percentage of total infected seeds it was necessary that the fungus on the 
surface of tlie seed was not destroyed. At the same time it was essential that all bacterial contamina- 
tion was eliminated. Therefore, prior to plating, the seed was dipped in one per cent sterilized lactic 
acid. ■ ■ ■ 

On the other hand, when only the percentage of seeds with deep seated infection was to be 
estimated it was necessary to sterilize the surface of the seed. For this purpose OT per cent mercuric 
chloride in 70 per cent alcohol was found suitable. The seeds could be steeped up to 20 minutes 
without any loss in viability. Alcohol assisted in eliminating air bubbles and in preventing lump 
formatioB. If necessary, seeds were kept under partial vacuum by working the suction pump. 
Before plating the seeds were washed in several ch<anges of sterile water. For obtaining reliable 
and reproducible results, it was necessary to sample the seeds properly, A handful of seeds might 
be sub-divided uniformly till approximately 30 seeds were obtained. To determine whether the 
sampling method was reliable, from a common bulk, five lots of samples w^ere drawn and replicated 
ten times. The differences in the disease percentages between the five lots did not prove significant. 
This standard"” technique was adopted for all the experiments. 

It would have been ideal if in all the experiments only seeis from a common bulk were used. 
But as the magnitude of the work could not be foreseen, different bulks had to be used. In the 
experiments that are to follow wherever the change of seeds has occurred, it has been mentioned. 
In all rhe experiments seeds of capsularis strain D 154 were used. 

Effect of seed-borne infection on germination. Healthy seeds appear smooth, glossy and brown 
in colour whereas the infected seeds have a dull surface, and are often a shrunken appearance. 

A sample of seed was examined under a binocular microscope, and the seeds were classified into 
four groups, viz. (i) with sclerotia, (ii) with hyphal gro-wths only, (iii) light and shrivelled, and (iv) 
healthy. They were plated on potato dextrose agar media and percentages of germination an<l 
disease were recorded. From the data given in Table II, it may be noted that of those that were 
classed as healthy, 5 per cent showed the disease. Nearly 8 per cent of seeds were light and shrivelled 
and of these onl}^ 25 per cent germinated. Those that had sclerotia or hyphal growths either did 
not germinate or produced only diseased seedlings,. 
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Table II 


Seed mialysis 


— 

With 

sclerotia 

With hyplial 
growtiis 

j Light and . 

! shrivelled 

1 ,. 

' ■ Healthy 

Number • 

27 

U 

ms 

. ■ 1.954. , 

Percentage . . . . . , . ■ . 

1-25 i 

0*a2 

7-tl 

^ 90-:i5 

Gemiinatlon percentage , , . . . . 

O'O 

I.6-0 , 

25*0 

93-7 , 

Per cent of diseased seedling . 

1 ■. 

■ 


12-1 

5*5 


From numerous experiments with plated seeds it is observed tliat healthy seeds record a higher 
germination than the diseased ones. Quite healthy seeds give 90 to 95 per cent gerinination. In 
ordinary samples more than 80 per cent of seeds are viable, but in severely infected samples the 
germination is very poor, 40 per cent of the seeds losing their viability owing to fungal attack, and 
40 per cent showing disease on germination. 

Badly infected seeds do not germinate and they are the first to put forth fungal growth. Slightly 
infected seeds give out only a few hypae at a later stage. # 

The fungus may come out from any part of the seed or the seedling. Siiimltaim>usly wdth^^^ 
sprouting, the fungus growths appear at the funicular end. Primary growths may also occur in- 
dependently on the cotyledons, hypocotyl, collar and radicle. Under laboratory tests the primary 
infection invades the entire seedling which rots and produces pycnidia and sclerotia. Under green 
house and field conditions, the lesions in surviving seedlings often become localized and the seedling 
remains stunted. 

Elimination oi' SEEB-BORNE INFECTION 

Gravitationed methods. As diseased seeds are lighter than healthy ones, experiments were carried 
out, to investigate the possibility of separating the lighter diseased seeds by flotation with a liquid 
of such demsity that all diseased seeds would float while the healthy ones remained at the bottom. 
By adding suitable quantity of methylated spirit (0'8) to carbon tetrachloride (1-58) its specific 
gravity was reduced to 1-23, 1-13 and 1*09. The results are given in Table III, from wdiicli it is 
evident that the gravitational methods do not hold out any promise. Even when the specific gravity 
was as high as 1*23, more than 10 per cent of those which sank were diseased while over 36 per cent 
of the float ones were healthy. 

Table III 


Seed sepmaMon by grrevitational method 


SpeciHc gravity 

Mean percentage of 

Mean per cent germina- 

tion in i 

Mea!i per cent disease in 

Floaters 

linkers 

Floaters 

(Sinkers 

Floaters 

linkers 

1 (H.O) 

^ 0*2 

93-8 

00 

95*8 

100*0 

17*0 

1‘09 . . . . . 

10*1 

89*9 

82*8 

' 95*0 

40*1 

12*2 

M3 

14*0 

85*4 

44-1 

95*0 

47*2 

10*2 

1-23 

38*4 

6P6 

31-8 

95*5 : 

: 

63*5 

10*4 


Heat. When seetls Were heated in air they lost their viability considerably without lessening 
the seed iilfection. Even between 60*^0. to 62*^0., about 7 per cent of seeds showed the causal fungus, 
tiot \vater treatment of seed W^as, therefore, thought of. Seeds were soaked in water and air within 


li 


id 


f 


I 


TH E f Nbi.A;N ' JOUBi^Ati oi' Al^BlUul/ibfeAt 


Duration 

Baiige O'C. in 


Experiment I Experiment II Experiment III Experiment IV 


D* I*. . G* I** D* P. G* P. D. F* G* P. D* P. 


' 57 
58 
58 
58 

Control . 
Critical difter- 
ence 


G. P.= Germination percentage; D. P.== Disease percentage 

In the secoiid set of four experiments where eastile soap was used, treatments at tor 25 
minutes, at 58°C. and 59'XL for 15 minutes were quite effective in reducing the disease without affect- 
ing the germination (Table V). . 

Table V 


Hot imter ireatment {Emmatiori with eastile soap solution) 


G. P,= Germination percentage ; D. P.=s Disease percentage 


1 


them \va« evaeusdetl liy using ii suction pump, or by adding a few drops of 10 per cent eastile soap 
bt.th of xvhieli facilitated the sinking of seeds; After beating the tube containing the seeds, in a 
bator-bath, it was transferred tb cbld water; To eliminate bacterial contamination the seeds were 
dipped in 1 per cent sterilized lactic acid prior to plating. 

The results of four exploratory experiments (where the air was evacuated by means of a pump) 
are given in Table IV. Taking 80 per cent germintition as satisfactory, it was found that treatments 
at for 7 minutes, at 57°C. for 10 minutes, or at 56°0. for 20 minutes reduce seed infection from 
22 to 1 per cent. 

Table IV 

Hot Mtibf treUlmeht of seeds (air evacuated ibith a punep) 




k 


, iteJa 
I T 


Duration in- minutesi 

10 

15. „ 

. 20 

— . - ' - ' ' ' ' . ''f.'"'.} 

25'/ "^"1 

Bange (PO. 

.. 'G...P. 

D.P. 

G. P. 

D.P. 

G.P. 

D. F. 

G.P. 

D. F. ' 

i 

57 .... 



81*7 

■ 8*1 

' 76*1. 

10*8 

■ ^ 

84*9 

1 

2*9 

■58."' : :■ .. 

: 

(5G 

. ■ 81'2, 

' . 4-5: 

59*6 

5-3- 

49*9 

3*9 /' * 

59t. ■ ■■ ' '■* 

' : ■ 82*4 . 


87-3 

4*1 

46‘.5 

3*4 

08*0 

2^7' ■ 

eo .... 

78-'2 . 

9*4 

94-8 

2*6 

64*7 

...2*4 

35*5' "■ 

^ ■■■:;o*o: 

Untreated . * 

" : :92*5- ' 

" 22*4 1 . 

96*0 

, , : '.'25*0:.' 

93*2 

18-6 


■,'20*5, 

Critical difference . 




v ^5*a. ■ 

I','- 

6*2 



— 
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Since tJie sclerotia aiT associated with the mature hj^hae in the seed, it was ila>ught that pre- 
soaking might activate the hibernating fungus and the following hot- water treatment may prove 
more effective. ^ llie seeds were soaked in water from one to four hours at room teiuperature wiiicih 
averaged at 28*^0. during the course of the experiment. The pre-soaked seeds ivere subjected for 
15 minutes to treatments from 48'^C. to 62°C. at one degree intervals, and after cooling were plated, 
hrom 48 C. to 55°C. the same sample of seed was used, but from 56°C. onwards another sample which 
I^Tis more infected had to be usfed; Since for each treatment there were fi ve replications, the data 
for each temperature treatment was analysed separately by analysis of variance. 

From the data in Table VI it may be seen that, excepting at ‘ 48°G. one hour pre-soaking in 
all Ae remaining 59 treatments pre-soaking follorred by hot water treatment lessened the disease 
significantly, but the reduction was considerable only at 6FC. and 62‘^C. ; wdiere the germination 
fell to 55 per cent. Only in four temperature treatments out of 1.5, the differences between the 
durations of pre-soaking were significant in respect of the disease. Pre-soaking for one hour seems 
to be almost as good as pre-soaking for four hours. Up to58'"C. there was no appreciable effect of 
durations of pre-soaking and of heat-treatment on germination. From 59*^0. to 62®C., in general, 
higher temperature and longer pre-soaking up to three hours, reduced the germination. At this 
range tlie differences between three and four hours pre-soakings w^ere negligible. 


Table VI 


Effect of pre-soaking and hoi water treatment 



Pre-soakiiig (n) 


One hour 

! Two hours 

Three hours 

I Four hours 

LTitimted 

Critfieal 

difference 


llangeOX'. 


G. P. 

I>. P. 

G. P. 

D, P. 

G. P. 

D. P. 

G. P. 

D. P. 

G.P. 

IX p; 

G. P. 

IX P. 

48 * 

. 

* 

88-2 

13‘U 

90-S 

9-7 

91-9 

9*1 

90*1 

9-6 

87-4 

14*9 

■Not 

sigBh 

ficant 

, 4*7 

49 . 

*''*%* * 


69-0 

10-4 

73*3 

10-2 

75-4 

9-6 

Sl-0 

10-8 

71-9 

17-3 


. 4-8 ■ 

50 . 



88*0 

12-9 

87-6 

15-1 

88-7 

lO-S 

83*9 

9-1 

86-4 

23-1 


5*7 

51 . 



83-1 

10-5 

82-6 

8*2 

85*6 

7*6 

76-4 

6-4 

84-5 

16-8 


5-1 

52 . 



79*4 

11-6 

79-0 

10-0 

79-8 

9-5 

80-3 

9-5 

82-3 

21-0 


■5-2 

53 . 

. 


85-8 

8-2 

83-2 

lo-l 

84*6 

5-1 

82-9 

5-5 

91-5 

17-8 

If ' 

7-4 

54 



88-2 

10*3 

88-8 

S-4 

88-9 

8-3 

90-1 

9-9 

90-6 

17-3 


5-1 

55 . 



91-3 

9-6 

84-6 

7-6 

86-9 

7-8 

82-0 

7-1 

83-6 

14*3 


■■ 3-9 

56*. 

. . ■ . ' • • 


87-3. 

15*5 

79-6 

6-7 

86*6 

11-4 

79-3 

12-4 

^ 88-5.. 

■ 3*1* 4 

5*6 

5*3 

57 \ 



8I-9 

10-6 

84-2 

11-7 

80-9 

lO-S 

78-0 

11-6 

81-3 

32-1 

Not 

signi- 

lieanfe 

, 3-6 

■•58 '■. 

•' . • " * 


'■'85-8'' 

14-5 

^ 82-3 

11-9 

75*2 

14-5 

75-7 

15*3 

79-9 

33-7 

>» 

6-0 

59 . 



76-8 

9-5 

62-5 

12-4 

61-4 

8-1 

■■■■59-6'' 

11-8 

83-3 

31-5 

10-9 

■■■ ■■O-^l " 

60 . 

' * • . . 


91-3 

10*6 

80-5 

8-1 

68-3 

9-1 

60-0 

; ■5-0 

84-6 

27-3 

6-9 

5-2:" 

61 . 



53-7 

3-0 

48-7 . 

2-4 

27-4 

1-8 

21-2 

0-3 

92-5 

29-5 

9-T'" 

■■ 4-0' '■ 

62 . 

• 


58*0 

4-3 

37*0 

2-4 

15-9 

1-3 

17-8 

2-4 

90-1 

31-9 

12-7 

3-1 


(ri) —mean of 5 sets; G-P.—Gernmiaiion percentage; Disease percentage 

*8ample of seed was changed at 56°C. 


To locate a safe temperature range for the treatment, lethal temperatures for the seed, for the 
fungus in the seeds and for the sclerotial suspension were worked out by steeping these materials 
ill hot-water ranging from SO'^C. to 55°C, at intervals of 6*^0., and thereafter at l^C. Interval till 
The duration of the treatment was 15 minutes throughout. The data have been illuvstrated in Fig. L 
The viability of seeds was fairly steady till thereafter it fell graduiilly till 6;3'"U. when an abrupt 
fall occurred. In the fungal out-growths from the seed, there was a gradual decline from to 
54'T’., and from 55°C. to 6()°C. there was a steep fall. The zone for effective treatment appears to 
be between 55*^0. and 60*^0. Even at 70°C., 0*3 per cent of the seeds retained viable fungus. Since 
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prove.! lethal to pure solerotial suspeasioii, it seems that dfeep lOcdticSil 

the solerotia in surviving higher range of temperature. 


ti^niperatiires above 
within the seed help 


fUNGAt OUtGiPOWTH 

germination 


TCMPERATURE in ccntwsrade 

cold and ^lot solutions of formalin, mercuric chloride and 
Prior to treatment the air bubbles were forced out either 
0 per cent castile soap. Four to five replications were given 

variance (Table Vll). 


Ckemdcab. Seeds ■ were 
copper sulphate for 15 or 2* 
under suction punip or 
and the results obtained from plated seeds 


Table VII 


Treatment of seed by liqo/id dismfedmits 


Duration 

in 

minutes 


Strength 
in per- 
centage 


Eemarks 


I’reatmiflt 


91*6 
89*0 
91‘2 
910 
92*2 
91*8 
Insign ih 
cant 
62*1 
18*7 
28*3 
22*4 


malin 


Diitreated 
Critical diU'etence 


Pormalin 


Ait* evacuated iVonl tiiB 
chemical foi* the dura- 
tion 


Air evacuated iVdnl v atei" 
aiid chemical intro- 
duced 
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Table VII — eontd. 


Trecitment of seed by litfuid disinfeckinfs - eontd . 


! 

Stri*iiigtb 

Range in 

Duration 

Mea.:n 


' iu<‘nt Ui pt'T- 

wiitage 

0"C. 

in 

minutes 

0. P. 

I). P. 

1. US} 

Uxitreateil ■ . 



05-2 

16*6 


Critical difl^reiice . . 



14-6 

2-9 


Formalin . . . . . 1*5 

55 

15 

49-8 

9-8 

Change of seed 

i-0 

55 

15 

46*7 

8*1 


0-5 

55 

15 

83'6 

13*3 


lTiitrea,.ted • 



93-2 

32* 1 


Critical differenee . . . 



7*7 

8*1 


Mercuric chloride . . . 0-1 

48 

20 

71*5 

124 


0*1 

50 

20 

67*7 

11-2 


. 0-t 

■ 52 

20 

81*7 

U-3 


0*1 ^ 

54 

20 

. 73*8 

41 


01 

56 

20 

72*4 

34 


0-1 

58 

20 

33-4 

1-0 


O-l 

60 

20 

24* 1 

. 0-5 


Untreated . , , . 



93*0 

24-1 


Critical ditference . . . . 



12-1 

14 


^terenric chloride . . . 0*1 

55 

15 

84-8 

12-0 


0*2 

55 

15 ■ : 

87*8 

11-0 


0*4 

55 

■ 15 ' i 

26*2 

0-0 


•l-O 

55 

15 ' 

3*2 

0*0 


l*o 

55 

15 

3*1 

0-0 


Untreated . . . 



90-3 

264 


Critical {lifference . . , ,, 



6*0 

■ ■ 3-4 1 


Copper sulphate , . . 2 

Cold 

15 

81*0 

^ ' 27*2 

Change of seed 

' o' ■ 1 

»» 

15 

81*2 

28*0 


10 : 


15 

87*9 

26*3 


15 


15 

86*1 

33-4 


Untreated 



87*1^ 

34*0 


Critical difference 

. t ■ 

• • 

Not signiil 

cant 


No copper sulphate , . . .. 

55 

t 15 

9M 

IU7 


Copper sulphate . . . 2 

55 

15 

93-8 

18*5 


5 

55 

15 

91-4 

8*0 


10 

55 

15 

92*5 

10*8 


15 

55 

15 

90-1 

9-4 


Untreated , , . . .. 



91*2 

27*2 


Critical differeiice , , . 

• • 

1 t 

Not signi- 

4-96 





ficant 




G, P»~ Germination percentage ; B. P,=Bi8easd percentage 


That cold mercuric chloride has practically no effect on the seed fungus may be seen from Table 
VIIL Mercuric chloride when applied for 20 minutes at 54°C. or reduces the infection, but 
also lowers the germination to 70 per cent (Table VII}. Cold copper sulphate solution has no effect 
and, when applied hot, did not check the disease sufficiently. Hot formalin was quite effective in 
controlling the disease but lowered the viability of seeds. Of the three sterilants tried formalin, 
cold or warm, was the best. 

The disadvantages of treatments with liquids are well known. Dusts are much more convenient 
to work with. Dusts of sulphur, naphthalene, copper carbonate and proprietory seed dressings 
like Ceresan, Nomersan and Agrosan G were compared with hot water treatments, In experiments 
I and II in Table VIII, the method used for dusting the seeds was defective and was modified in 
experiments III and IV, in which seeds were shaken with the dust for two minutes and the excess 


of dust removed by sieving. The first three experiments were conducted on potato-dextrose agar 
plates but the ia^t one was carried out on sterilized sand in petri-dishes, 
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Table VIII 



1 :^ 


ConijMrativfi efficiency of various treatments 


.'Treatments. 

Experiment I 

Experiment JI 

Experiment III 

Experiment IV 

a F. 

D. P. 

a. p. 

I). F. 

G. P, 

D. P. 

G. P. 

B. P. 

iMercuj'ic chloride O-l per cent. (cold) 


. 

88*5 

23*2 

92*0 

18*6 





Formali!! 5 per cent (cold) 




91-8 

17-4 

80*7 

15*7 


, . 



Copper carhonate . 

•Sulphur . . . 




93*8 

23*1 

90-2 

20*2 

s’fi’o 

2h2 ■ 



Lime 






. , 

. . 

92*5 

22*5 



Kaptiialene 





.. 


. . 

88*7 

13*3 


. * 

for 15 mimites 







. . 

. . 

. . 

91*0 

■6*5 

ftTC\ for 15 minntea 




i ■ . . 

i 

, . 


. . 

. . 

81*6 

, 6-5 ■ 

for 15 mimites 




I . » 

1 .... 



, , 

. . ■ 

86*4 

'8*0 

Ceresari . 




i. 83*2 

3*1 

68*9 

3^1 

89*3 

0*6 

92*0 

1*0 

Agrosan G . . . 




1 93-3 

10*3 

920 

15*5 

94*7 

5*8 

91*8 

2*9 

Nomeisan 




93-2 

U-8 

86*7 

17*8 

92*4 

1*0 

94*5 

1*5 

Untreated . 




91*9 

24*2 

90*3 

21*8 

96*7 

22*8 

88*6 

16*9 

Critical difference 



• 

6*3 

, 8*0 

8*2 

5*6 

3*2 

2*7 

7*4 

3*8 


Expprimpntfl I, II and III conducted on potato dextrose agar, experiment IV on sterilized sand in plates. G. P.= 
Oermination percentages ; p. P.sr-- Disease percentage. 


DiLsts of sulphur, linie, uephihalene and copper carbonate are not found efficient. Treatments 
with C^eresan, Nomersan and Agrosan G were quite effective and significantly better than hot -water 
treatments. These dusts when properly used did not hamper the viability of the seed, 

These tests were extended to the field where in every season seedling mortality is a common 
feature. Counts of stand and seedling mortality were taken three weeks after sowing, Tlie experi- 
ment was repeated on the same plots and data recorded, as per Table IX, As the diflerences in the 
stand were iiot significant, it suggests that the treatments did not have any phytocidal effect. 
Treatments with dusts and hot-w'ater and the use of disease-free seed proved effective in checking 
tlm seedling mortality, 


Table IX 

Effect of seed ti'eatment on moHality in field 


Treatments 

Experiment I 

Experiment II 

Stand 

Mean disease 
per cent 

Stand 

Mean disease 
per cent 

56®C. for 15 minutes 




404 


^ 326:’" 


57‘‘^C. for 15 mimites 




"384 ■ ' 

0*2 

344 


58"0. for 15 mimites 




381 

0*2 

366 

1-0 

"Ceresan ■" 




453 

0*4 

391 

0*8 

Ndmersanv' ■■ " .. : 




434 

0*1 

306 

i*r> 

Agrosan G . . . , . 




403 

1*2 

373 

0*8 

Disease free seeds (untreated) , 




464 

0*2 

340 

1*7 

Control untreated .... 




425 

5*2 

307 

8*1 

Critical difference .... 




Not significant 

"1*07 

Not significant 

1*29 


Layout — Randomized in' six replications 

Effective size of plot 3 ft. X 0 ft. Experiment I, sown on 2.5.42, Experiment IT, sown on 26.0.42 


In Ta]>l6 IX tlie disease in untreated control is rather low. In order to see wliether the treat- 
ment of highly infected seed is more beneficial, a badly contaminated sainple was compared with a 
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healthy lot of seed. Both the lots of seed were treated with Ceresan and planted in sterilized sand 
and incubated at 32''C, The. data in Table JC establish the usefidpess of treating badly coufeminated 
seed, 

Tap^eI 

Seed treatm^M in relatioii to (p 


Quality of seed 


Diseased 
Clean . 


*Mean 0. P. | 

Untreated 

Treated 

' 

59-8 

94-3 

1 

01*2 

83-2 


Mean D, P. 


*Mean of 12 sets each containing approximately 30 seeds. 

Christensen and Stakman [1935] have similarly reported that the value of treating barley seeds 
against Fusmium and Hehninthospormm depended upon the degree of seed infection. Obviously 
there is no use of treating clean seed. 

Seed disinfection in relation to soil. It may be asked that since the fungus can be in the soil, 
what is the use of seed disinfection. To bring out the contrast between disease free and heavily 
infected soils, seeds treated with Agros^an G, Ceresan and Nomersan were grown in pots on sterilized 
and inoculated soils under green house conditions. There were ten replications. From the data 
in Table XI it may be concluded that both on inoculated and sterilized soils, the germination of seeds 
treated with Ceresan and Nornersan was significantly superior to that of untreated and Agrosan G 
treated seeds. The germination on the inoculated soil was generally lower but significantly so only 
in the case of untreated seeds. On sterilized soil the disease was significantly less in the case of 
treated seeds. On inoculated soil the disease was very high ranging from 93*0 to 95*8 and there 
was no difference between the treated seeds and the untreated ones. 

Table XI 

Seed disinfection in rehticni to soil 


Condjition o faced 


Condition of soil Treatment 


Mean percentage of 


Germination Disease ineidence 


.Sterilized 


Diseased: 


Inoculated 


Critical difference . 


Agrosan G 

Ceresan 

Nornersan 

Untreated 

Agrosan G 

Ceresan 

Nornersan 

Untreated 
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111 the next expcfiimeiit, field soil wliicli is known to be infested with stem-rot was included along 
with sterilized and inonilated soil. Diseased and healthy seeds were used. Three hundred seeds 
were wnvn under each treatment and the pots were kept in a green-house. ..With a view to study 
the mode of initiatimi of the disease, the seedlings on which symptoms had just appeared were care- 
fullv uprooted and the seat of infection was located. The results are recorded in Table XII. On 
inoculated .soil the disease is mostly initiated at the junction of the collar. While collar and radicle 
roots are as.snciated with the soil infection, rots of cotyledon, hypocotyl, collar and radicle are associat- 
ed \^•it h .seed infection, but the aerial symptoms are predominant. On the field soil the use of disease- 
free seeds reduced the di.sease by nearly half, from 27-9 to 14-7 per cent. On sterilized soil, the use 
of di,sca.s(‘d .seeds yiehled 16-3 . per cent infection whereas with healthy seeds there was no disease. 
In this exp<u’imeiit the infection from the soil equalled that from the seeds and the seed infection 
had additive elTect on the .soil infection. 

Table XTI 


DiffereHCfjs in sent of infeciinn prodnced hi/ the infected seed and soil 


Condition of 
seed ' 

Condition of soil 

Discolouration at 

Healthy 

Cotyledon 
and seed- 
coat 

Cotyledon 

Hypo-cotyl 

Junction 

(ebUar) 

Radicle 

Collar and 
radicle 

Cotyledon 
and collar 

Hypo-cotyl 
and collar 

Percentage 

emerged 

Percentage 

infection 


r 

Bterilized (1) . 

252. 









84-0 

0-0 

Healthy . . 

1 

t 

\ 

Inoculated (2) 

(j 




200 

28 

24 



86-0 

97-6 

i 

1 

Field (3) 

231 


• • 


32 

3 

5 



90*3 

14*7 



Sterilized 

154 

1 

5 ! 

6 

8 

5 

2 

1 

.. 

2 

'2 

61-3 

16*3 

Diseased . ^ 


Inocula ted 

0 

12 

22 

21 

102 

i 

10 

1 

6 

(U-7 

100-0 



‘ Field . 

147 

1 

7 

i 

14 

1 21 

11 

0 

1 

2 

68-0 

27-9 


(1) Boil sterilized at SO lb. pressure for one hour 

(2) Soil inociilated witli pure culture of Macropkmnina phoseoli grown on jute seed sand media 

(3) Field soil known to be infested with stem-rot fungus 


Action of seed dmnfectmits. In experiments with dusts it was observed that on diseased dusted 
seeds hyphal growth was feeble despite the presence of sclerotia and mature hyphae within. This 
suggested the possil:)ility of dusts inhibiting and retarding the fungal growth. With a view to test 
the action of the disinfectants on the disease, seeds treated in 0*1 per cent mercuric chloride for 10 
minutes, Ceresan, Nomersan and Agrosan G were sown in sterilized test tubes on moist cotton wool. 
These conditions, i.e. high humidity and high temperature (28°C. to 30°C.), were favourable to the 
expression cf the disease. Observations were made daily and seed rots, seedling rots and lesions on 
seedlings were recorded up to 10 days after sowing. In each treatment there were 400 seeds. From 
Part I of Table XIII it may be seen that Ceresan, Nomersan and Agrosan G were equally effective 
in eontrolling seed rots before the emergence of the seedlings. In preventing seedling rots, however, 
Ceresan and Nomersan were more effective than Agrosan G. Nearly half the seedling rots were 
due to the persisting contact of seed coat with the seedling. In untreated seeds the maximum of 
the seed rot is reacliecl in two days after sowing whereas in dusted seeds this stage is not reached till 
six or seven days after vsowing, vide part II of Table XIII. When the seeds were treated with Ceresan 
or Nomersan seedling rots lia.rdly appeared till the fourth or the fifth day after sowing. This gave 
the seedlings a chance to establish. 
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Table XIII 


Action of seed diswfectants 
Parti 


Treatment 

Un viable 
No. 

Pre-emer- 
gence mor- 
tality 
(seed rots 
per cent) 

Per cent 
emerged 

Post-cmei 

Infection 
per cent 
rlue to seed 
coat 

adherence 

•gence mortali 
rots) 

Infection 
per cent 
not due to 
seed- coat 
adliorence 

ty (seedling 

Total 

percentage' 

Untreated .... 


13 

16-7 

80*0 

32-2 

30*0 

62*2 

Mercuric chloride 0*1 per cent 


10 

11-0 

so- 5 

22-5 

1S*5 

4i-0 

Agrosan G . 


15 

4-5 

91*7 

l()-3 

1P5 

21*8 

Nomersan .... 

. 

n 

5-2 

92*0 

2*4 

4-7 

7-1 

Ceresan .... 

• 

11 

4*7 

92-5 

2*4 

3*2 

5-6 


Part II 




f: 


^' 1 ; 



■f 




Percentages of pre -emergence and post-emergence rots at days after sowing 


No. of days after sowing 

Untreated 

Mercuric 

chloride 

Agrosan G 

Nomersan 

Ceresan 

Pre- 

emer- 

gence 

Post- 

emer- 

gence 

Pre- 

emer- 

gence 

Post- 

emer- 

gence 

Pre- 

emer- 

gence 

Post- 

emer- 

gence 

Pre- 

emer- 

gence 

Post- 

emer- 

gence 

Pre- 

omcr- 

gence 

Post- 

emer- 

gence 

1 




14-0 

0-6 

9*5 

0*0 

0*5 

0*3 

0*0 

0*3 

0*2 

0*0 

2 




10-1 

iVi 

10*5 

1-8 

1-7 

0*8 

1*0 

0*2 

1*2 

0*0 

3 




16-7 

15-0 

10-5 

10*7 

2*5 

2*4 

2*0 

0*5 ' 

1*5 

0*0 

4 




16*7 

22-2 

10*5 

15-0 

2*7 

6*2 

2*7 

1*3 

2*7 

0*8 

5 




16-7 

29*1 

10-5 

20-2 

3*2 

9*8 

4*2 

2*6 

3*5 

1*3 

6 




16-7 

44*1 

10*5 

27*4 

4*0 

12*5 

4*7 

3*5 

4*0 

1*9 

7 




l()-7 

55*3 

11*0 

31-2 

4*5 

16*1 

5*0 

4*6 

4*2 

1 2*7 

8 




16*7 

60*3 

11*0 

36*7 

4*0 

16*8 

5*2 

6*1 

4*7 

i 3*2 

9 




16*7 

62*2 

11*0 

40-7 

4*5 

17*9 

5*2 

6*2 

4*7 

4*3 

10 



* 

16-7 

62-2 

11*0 

41-0 

4*5 

21-8 

5*2 

7*1 

■ 4.7 

5*6 


The untreated seeds and seeds treated with mercuric chloride had profuse hjplial growths. 
The seeds treated with Agrosan G exhibited slightly more of fungal growdJi than those treated with 
Ceresan and Nomersan. The three dusts in general yielded very feeble growths. In some cases, 
though the detached seed coats yielded fungal growths, the seedlings remained healthy. The low 
infection in Ceresan and Nomersan treated seeds may be due to their inhibiting action on the growth 
of the fungus directly under the seed coat. 

Discussion and conclusions. 

Varada Rajan and Patel [1943] have shown that pycnospores released from diseased and 
infected seedlings cause secondary infection which is usually four times the primary one. Measures 
that can reduce the primary infection have therefore special importance. Three factors affect the 
primary iitfection, viz. (i) extent of seed infection, (ii) extent of soil infection, and (iii) the conditions 
under which the infection expresses itself and develops. 

Taking the last factor first, it is found that little is known of the conditions under which the 
fungus expresses itself and develops in the field. Field obvservations on seedling mortality carried 
out at Dacca during 1939 to 1943 show that wet sowing seasons favour seedling mortality, particularly 
W’-hen contaminated seeds are used. During such seasons, primary lesions appear on all the serial 
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Piirt^i and collar, but the roots mostly remain healthy. The radicles on isolation do not yield any 
liinuus tliouLdi the soil is known to be infected. In dry seasons collar and root_rots are frequent, but 
after a time tlie discolouration shreds and the seedlings recover. The mortality is therefore low in 

■ In 1942 at the Dacca Farm, there was a long spell of dry weather accompanied by high tempera- 
turi's. During this period seeds having about 30 per cent infection were sown in 18 in. pots contain- 
ing infected field soil. They were kept in the open, but in one set high humidity was provided soon 
after sowing, in the second set after the germination was complete and in the third a fortnight after 
sowing. The control pots were exposed to the prevailing dry atmosphere. In each of the four 
treatments 400 seeds were sown. As soon as the symptoms appeared, each of the infected seedling 
was uprooted and the initial place of infection recorded. Chances for secondary infection were thus 
'■minimized, ■ 

Table XIV 



Effect of humidity on disease expression 


Primaty infection 


Conditions 

Percentage 

emergence 

Cotyledon 

Hypo- 

cotyi 

Boot or 
{loIJar 

Exact 
position 
not clear 
blit root 
healthy 

Total No. 
infected 

Percent- 
age of 
infection 

Pote exposed to atmospheric condi- 

89-7 

3 

• 5 ■ 

12 

■ 3 

23 

54) 

tioii 



12 





Pots kept under high humidity after 

91-7 

20 

12 

32 

82 

22*3 

sowing ■ ' 

Pots kept under high humidity after 

905 

21 

16 

15 ' ' 1 

47 

. i 

99 

27*6 

com pie te germination 








Pots kept under high humidity a fort- 




i 




night after sowing — 






18 

4*8 

{a] before covering . 

92‘7 

3 

4 

1 1 

27 

{//) after covering 


8 

13 

18 

06 

17*8 


From the data in Table XIV it is apparent that high humidity quadrupled the primary infec- 
tion. Under field conditions, the effect of humidity on infection will be much more pronounced as 
rotting seedlings will lie in the field and will produce abundant pycnospores. It is pertinent that 
excessive humidity increased aerial symptoms much more than the collar and root rots. This suggests 
that the fungus associated with the seed has played, under the conditions of the experiment, a 
more important role in the initiation of the disease than that associated with the soil. Andrus [19S8] 
has found that any condition that favours the adherence of the infected seed coat to the seedling will 
favour infection. Observations have shown that excessive humidity favours the adherance of the 
seed coat. 

It is not the intention to say that on all soils, infected seeds play the most important role in the 
initiation of the disease. When the soil is artificially inoculated, it is invariably found that the 
disease is much more than on sterilized soil with the infected seed. Eesults of six experiments tabulat- 
ed below (Table XV) bear this out, but on infected field soils with which we have worked, the disease 
is not as high as in the inocu^^^^ soil. If the infection from the soil is really heavy, the health of 
the seeds should not affect the percentage of disease incidence. That this is not the case is borne 
out by three facts. Firstly, when healthy seeds are sown on infected field soil, the disease is consis- 
tently less than When diseased seeds are used. Secondly, comparing the performance of contaminated 
seeds on infected and sterilized soils, it is found that the disease on the former is not very much more 
than on the latter. Thirdly, when diseased seeds on sterilized soils are compared with the healthy 
seeds on the infected soil, it is observed that the former show more disease than the latter. 



SEEi) TRiNSMISSfoN OF STEM-BOT OF JUTE AND ITS OOSTKOt 

Table XV 

8oit HersdS Seed infection 


Percent of disease ineideiifec in plants grown on various 


^ 1 , # 


Kinds of seed used 


kinds of soils 

Sterilized 

Iiiocukited 

l.'iifcCjted lieJei 
soil 

18'8 

:25'3 

05-4 

08-1 


2'3 

39-1 

. . 


79-9 

5M 

2-1 

71-4 

31-3 

16-3 

100-0 

27-0 

0-0 

97-6 i 

14-7 

30-3 

83-2 

43-9 

0-0 

73-2 

14-5 

30-5 

87-0 

41-2 

1-3 

i 

94-6 

■29-2 


Diseased 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy 


Surveys have shown that crop stubbles showing viable sclerotia occur rarely in lands that are 
inundated, sporadically in midlands, and considerably in high lands. The infected soil used in these 
experiments 'was from high lands of the Dacca Farm where the disease appears every year in consider- 
able proportion. The authors have only once come across the disease in a more intense form than 
that at the Dacca Farm, and that w^as in mid-lands near N'arsingdi. On low lands where the soil 
infection is negligible, considerable seedling mortality has been observed and this has been linked 
up with the use of infected seeds. At the sub-station at Konda, which is inundated every year, it 
is a common experience to find heavy seedling mortality iii plots raised from Dacca seeds, wdiereas 
plots from locally collected seeds are practically disease free. 

Amongst the methods tried for the disinfection of seeds, hot ^vater treatment and seed-dressing 
proved effective. The latter is simple and is capable of wider use. Of the three dusts, Ceresan has 
consistently given better results, Nomersan being a close second, Agrosan G is clearly not as effective 
as Ceresan and is inferior to Nomersan. To facilitate comparison the relative performance of these 
three fungicides has been compiled in Table XVI. It is suggested that superiority of Ceresan and 
Nomersan over Agrosan G is due to their preventive action on post-emergence mortality. 

Table XVI 


Relative effidency of seed dressings 


8ecds grown on 

Percentage of disease 

in seeds treated 

with 

Ceresan 

Nomersan 

■ Agrosan G . 

Contro] 

Potato dextrose agar in plates . 

0-6 

I-o 

■5-S , 

22-8 

On cotton wool in sterilized til hes . . . 


7-1 

21-8 

f)2‘2 

On sterilized sand in plates . . . . 

l-O 

1*5 

2-9 

16-9 

On sterilized sand in plates . . . . 

5-5 ■■ 



75-4 

On sterilized soil in pots 

2-3 

7-7 

11-9 

18-8 

Soil in Helds 

0-4 

0-1 

1*2 

5-2 

iSoil in Helds ........ 

0-S 

1-5 

0*8 

8-1 


THE INDIAN JOUHNAL OP AGEICtiLTUBAD SCIENCE 


[XVI 


206 

Summary 

Transmission of the stem rot disease of iute through the seeds has been demonstrated. Mature 
hyphae and sclerotia of the fungus Macrophomiiia are borne on and within the seed. The mode of 
iiifection of seeds and the technique for its detection have been described. This contamination of 
the seeds lessens germination and initiates primary infection. It is suggested that under ordinary 
conditions the role of the seeds in the initiation of the disease is more important than that of the soil. 

In hea vilv infected sf)ils the use of disease-free seeds is of no avail in combating the disease, but such 
soils are rare. High humidity favours the development of the disease on seedlings as well as on seed- 
capsules. 

For de.stroying the pathogen without affecting the viability appreciably, heating the seeds in 
water proved niore useful than heating them in air. The zone for . effective treatment appears 
to be between ofrC. and 60°C. Sclerotia that are located deep in the seed may survive even at 70°C. 

In activating the hibernating fungus, pre-soaking of seeds did not assist much. 

Amongst the various chemicals tried, Ceresan, Nomersan and Agrosan G proved effective as 
see<l disinfectants. Ceresan and Nomersan appear to be superior to Agrosan G. All the three can 
control seed rot, l)ut Agrosan G is not as effective as the other two in preventing seedling rot. 
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STUDIEB ON THE VIRUS DISEASES OF POTATOES IN INDIA | 

HI. OCCURRBNGE OF SOLANUM VIRUS 3. MURPHY AND M’KAY j 

By R. Sahai Vasijdeva, Plant Patliologist, and C. S. Ramamoorthy, .Assistant, Division of Mycology *| 
and Plant Pathology, Imperial Agricultural Research Institute, New Delhi 1 

(Received for publication on 28 Septembex' 1945) i 

(With Plate NX) 

D uring the course of observations on the incidence of virus diseases of potatoes in the niycolo- ! 

gical area of this Institute, Solaniim Virus 3 (Potato Virus A) was recovered from potato plants j 
of Phul/wa variety showing yellowing of the leaf margins or deep yellow brilliant mottle. The virus 
was also recovered from potato plants of variety Darjeeling Red Round which showed crinkling of i 
leaves. The types of symptoms exhibited by plants from which the virus was recovered are des- 
cribed below. 

Type 1, In Pliulwa vmetj yellowing of the margins of the leaves was uncommon and only 
one plant showing such vSymptoms was observed in the whole area. W.hen first observed the tips 
or the margins of some of the young leaflets exhibited yellow colouration. With age the yellowing 
became more pronounced covering larger portions of the margin and its progress i.n wards was limited 
by the minor veins while the dark green colour persisted in the central region. Some of the leaflets 
however, turned eompletely yellow. About two months later small circular necrotic spots appeared 
and gradually their number increased (Plate XX, fig. 1). 

Type 2, The plants oi Phulwa variety which exhibited yellow spots were different in that the 
young shoots on their emergence did not show yellow spots but after several w^eeks growth small 
yellow areas were observed on the old as well as the young leaves. The areas were irregular in shape 
and quickly assumed characteristic deep yellow colour. Frequently such areas merged to form 
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PLATE 


Fig. 1. A. Mycelium; B. Scierotial bodies ( x 60) 
A transverse section of Jute seed (D154:) 





li ■' ^ ^ * i 


Ip 


Figs, 1 and 2. Leaflets of potato plants of Phulwa variety showing yellowing of the margins and yellow spots respectively 
Fig. 3. jy'icoj52a?ia showing green vein-banding 

Fi^y. 4. showing thickening of veins . , . ^ ^ i xx i 4. 

fA 5. Datura stramonium showing yellow mottle after grafting with infected potato plant 


II] 


STUDIES ON THE VIRUS DISEASES OF POTATOES 


207' 



larger areas. Tlie j^ellowing was. not accompanied by any otlier symptom except slight puckering 
occasionally. The plants raised from tubers of such plants for the last two years exhibited similar 
symptoms (Plate XX, fig. 2). 

Tyjye 3, In aiiotlier lot of Pfmlwa plants small bright yellow circular or oval mottle was observed 
on the lower leaves of very young plants. As the plants advanced in age no additional spots ap- 
peared. 

Type '4, The virus wms also recovered from Darjeeliny Red plants showing stunting 

and extreme puckering with downward curving of leaves. Diffused pale areas occurred all over 
the surface of the leaves. The colour of the foliage in general was pale green and the leaflets were 
brittle and could easily be damaged and detached from the plant. 

Preliminary testing for host range was limited to a number of plants of the Solanaceae wbicdi 
are usually used for the identification of viruses. For these tests inoculations with standard extracts 
of Pfmlwa potato plants showing three types of symptoms and from Darjeeling Red Round plant 
sliowing crinkle were carried out. Wherever necessary grafts on some of tlie solanaceoiis plants 
and potato varieties Tvere made by the cleft method. 

The standard extract for inoculation purposes was prepared by crushing to a fine pulp in pestle 
and mortar a known weight of young infected leaves which had previously been washed and dried 
in folds of filter paper adding a small quantity of sterile distilled water at a time. To every gram 
of leafy material 1 e.e. oi' water was added. This material was then pressed through fine muslin l>y 
hand. 

Inoculations were carried out l)y dusting the leaves, held in position over a piece of cardboard, 
witli finely powdered caihorundum and smearing the leaf with a piece of absorbent cotton wool 
dipped in fresli standard extract from the diseased plant. Controls were always maintained side 
l)y side. Eveiy precaution was taken to maintain aseptic conditions and all the apparatus used 
was si.erilized as considered necessory for each experiment. 

All the experituental work was carried out in an insect proof house and transmission tests were 
eonrl noted both by meelianical means and by grafts as required in individual cases. In order to 
provide a stock of freshly infected plants for inoculation work the culture of the virus ivas inain- 
talned on young toluicco plants. The plants raised in sterile soil under insect proof conditions were 
as a rule inoculated when they had developed the first two to four true leaves and for any one ex- 
periment plants of the same age were employed. The test plants "were always kept under observa- 
tion for at least three weeks. 

The reactions on differentia] hosts in all the four types indicated the presence of Virus A. Pfmlwa 
type 2 in addition indicated tlie presence of a weak strain of Virus X and the presence of a weak 
strain of this virus was also suspected in potato plants of variety Darjeeling Red Round exliil)iting 
crinkle. Presence of Y Virus was indicated during one set of transmission experiments in Pfmlmi 
type one. These observations suggested, the presence of the following Viruses. 

Phnl'wa group 1 A-f-Y (Solanmn Virus S-\~Solanum Virus 2) 
group 2 {Sol anum^ Virus Virus4}) 

Pfmlwa group 3 A {Solammi Virus 'd) 

Darjeeling Red Round — Crinkle {Solammn Virus^-VSolmmmViriml) 

The reactions on differential hosts and physical properties of Virus A which occurred commonly 
were studied in detail in order to confirm the identity of the virus. The culture of the vims recovered 
from Pfmlwa group 1 was used in these experiments. 

Eeactions on differential hosts 

Nicotiana tabacum L. variety White Burley. Ten days after infection faint vein clearing is 
observed on younger leaves and within two weeks it is followed by green vein-banding on older leaves. 
On tobacco variety Harrison's Special similar but highly pronounced symptoms were observed 
(Plate XX, fig. 3). 

Nicotiana glutinosa L, Infected plants show a peculiar tendency for tfie veins to thicken In. it 
with age the symptoms disappeai (Plate XXy fig. 4). 
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Daliirn straLioiiinrn L. {Jmison weed). This plant could not be infected by mechanical inocula- 
tion but when slioot from the infected potato plant was, grafted, the axillary shoots exhibited disease 
symptoms. In early stages slight pallor of the leaves was observed but this was followed by yellow 
sj)eek-like mottle wiiich usually commenced at the tip of the leaves. With the development of the 
leaves the syni|)toins became more pronounced and yellow areas interspersed with small green areas 
were ol)served. There was no necrosis (Plate XX, fig. 5). Efforts to transmit the disease from infected 
plants of Datum stramonium to healthy Datura plants by needle inoculation w^ere unsuccessful. 

Sohvnnn nodi/I arum Jacq., Nicotiana rustica L., Petunia hyhrida Vilm and Solanum fiigrmn L. 
w'ere imt affected by the virus. 

Wlien infected shoot of Phulwa potato plant was grafted to virus free President potato plant 
it developed chlorosis and pale yellowish mottle but no deformity of the leaf was observed. 


Properties of the virus 



Exposure of tlie virus for ten minutes in a water bath at different temperatures shows that the 
act ivity of tlie virus is considerably reduced at 50°C. and that the thermal inactivation point lies 
between oiV'C. and 55°C. The virus begins gradually to lose its activity at a dilution of 1 : 10 and 
ljuecornes innocuous at a dilution of 1 : 200. The virus also begins to lose its activity after storage 
for 24 hours at room temperature and at 12'^C. In the former case it entirely loses its activity after 
48 ]i ours of storage. 

The reactions on diflcrential hosts and the properties sliow that the virus described is Solanum 
virus 3 Mur|)}iy and M’Kay. 
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FURTHER OBSERVATIONS ON THE EFFECT OF FROST ON SOME ECONOMIC 

PLANTS OF DELHI 

By Harbhajan Singh, M.Sc., Assoc.I.A.E.I., Imperial Agricultural Research Institute, New Delhi 

(Received for publication on 29 October 1945) 

I N Jamiary, 194-2, Delhi experienced a severe frost, resulting in damage to a wide variety of plants. 

The author then made some observations on the effect of frost and the information thus 
collected was recorded in a note published in a previous issue of this Journal [Singh, 1943]. Refer- 
ences to previous records of frost damage were then made and are not repeated here. 

During the winter of 1945, Delhi was again under the spell of a severe cold wave, experiencing 
several frosty nights ; at times three to four such nights occurred in succession. The more severe 
frosts occurred during the first fortnight of January and on the night of January 12, a minimum 
temperature of 30®F. was recorded at the Imperial Agricultural Research Institute, New Delhi (the 
minimum temperature of 1942 was 28*3°F.). Though there were repeated attacks, the frost of 1945 
yras milder than that of 1942, This may have resulted in natural ' pre-hardening ’ of the vegetation 
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to some extent. It is possible, the damage would hare been much more pronounced if the weather 
preceding the frost had been warm like that of 1942. 

The relevant temperature and humidity data are given ia Table 1. 

Table I 


Minimum and maximum temperatures, and humidity recorded at the Imperial Agricultural Research 
Institute^ Neiv Delhi ^ from> the 1st to loth January, 1945 


Date 

1 Temperature (^P.) 

Humidity 

Date 

Temperature ("F.) 

Humidity 

Maximum 

Minimum 

1 -Maximum ■ 

Minimum 

1 \ 

53-4 

39*0 

96 

S 

.59-0 

38-5 

'96 

2 . 1 

61-4 

35-5 

91 

9 

I 59*5 

47*0 

93 

3 ■ ■ ! 

60-3 

38-0 

98 

11) 

i 5S'0 

48*0 

92 

4 i 

56-0 

45'2 

83 

11 

i . ' 52-6 

34-8 

100 

5 

52-8 

47*0 

98 

12 

[ 53-8 ■ 

30'0 

' 90 ■ 

6 

55-4 

36*6 

99 

13 

1 55’2 

31*8 

■ .90 . 

7 

55-8 1 

36-0 

100 

14 

1 60*8 ■ . 

34-2 

95 





15 

i 

63-5 

37*0 

95 


It may be pointed out that all the plants mentioned in the present note are not local. At the 
Section of Economic Botany of the Imperial Agricultural Research Institute, New Delhi, a living 
collection of important wild and cultivated plants both indigenous and exotic is being maintained. 
It is mainly this material which forms the subject matter of this note. 

Table II gives the names of plants observed for resistance or susceptibility to a temperature of 
:30°F. with brief notes on the nature of the damage. 

Table II 


List of plants with remarks on their resistance to frost 


English or Indian name 

Botanical name 

Stage of the plant 

Effect of frost 


Solamm ferox h, . 

Fruiting 

Highly resistant. 


Solann m indicum L. 

dust before fiowering 

Fairly susceptible. In a week’s 
time new axillary shoots ap- 
peared. 

Bari Jcateli . ' ■ . ■ ■ 

Solantim incaymm L. , ' 

Fruiting 

Fairly susceptible. Leaves were 
damaged. '■ ' 

KaUli . 

Solannm. xanthocarpum Schrad 
Wendl. 

Fruiting . 

Fairly susceptible. Leaves were 
damaged. 


Solannm torvnmdSwmz ... 

Fruiting and fiower- 
ing. " 

Leaves of the upper branches 
were affected. Green fruits 
got shrunken. 

Black Nightshade, . 

Solamun mgrum L. . . 

Fruiting ' ... 

Fairly susceptible. Leaves and 
growing buds were damaged. 

Currant tomato 

Lycopersicon pimpinellifoUmn 

Fioweriog and fruit- 

Leaves highly susceptible. Ripe 


..‘Mill. ^ . 1 

. , ing. ■ 

and unripe fruits were very 
little affected. 


Lycopirsicon M H. B. & K. 

Flowering . 

Leaves and tender stems highly 
susceptible. 


Lycoperdkon peruviarmm ^lilU . 

Flowering and fruit- 
ing. 

Leaves and tender stems "most 
affected. Fruits slightly affect- 
ed. 

Slight effect on leaves. The 
enlarged calyx of the fruit 

Gooseberry, rasbhari . 

P hy sails peruviana Jj. 

Fruiting 




developed brown patches. 


N 
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Table ll—contd. 


List of plants with remarks on their resistance to frost-^Gontd. 


English or Indian name 

Botanical name 

Stage of the plant 

Effect of frost 

Vegetable renimt ^ . 

Withmiia Coagiilam Dun. 

Leafy . 

Highly resistant 

Thom apple, mfa4d datzira , 

Datura faaimsa L. . . . 

Fruiting * 

Leaves badly damaged. Brown 

'Thorn apple, ' kala datura 

Datura fastuosa L. var, tatula . 

Fruiting 

patches appeared on the green 
fruits. 

Leaves badly damaged. Fruits 

Crotataria retusa L. 

Flowering and fruit- 

had already ripened. 

Leaves, flowers and buds were 


Croialaria sericea wiild. . 

ing. 

Do. 

damaged. 

Highly resistant 


Crotalaria striata Dc. 

Do. 

Highly susceptible 


Orotalaria anaqyroides H. B. & 

K.,/, 

Desmodium gyroides Dc. . 

Just before flowering 

Highly resistant 


Leafy . • . 

Leaves of top-most branches 

Avaram bark ” . 

Cassia aurimlata L. . , 

Leafy . 

affected. 

Highly susceptible. New shoots 

Jsafgol . , , • 

Fleawort ” 

Piantago ovata Forsk, . . 

Leafy . 

appeared later. 

Highly resistant 

Plantago psyllium L. 

Leafy . 

. . : , 


Piantago lanceolata L. 

Bo. . . . 

Do. 


Plantago aznplexicauUs cav. 

Do. 

Do. 

Buckwheat 

Fagopyrum esculentum Moench 

Flowering 

Highly susceptible. The top- 

Celery 

Apiuni graveolem L. 

Leafy . 

portions of branches with 
leaves and young flower buds 
w^ere damaged. The plants 
resprouted. 

Highly resistant 

Aramina . . . , 

Urena lobaia L 

Flowering and fruit* 

Leaves were completely frosted. 

Jangli bhendi . . . 

Hibiscus ficulneus'L, 

i tng. 

Flowering 

Fruits had already matured. 
Highly susceptible 

Tuhham malangan 

LalUmantia royleana Benth. 

Leafy . 

Highly resistant 

Venezuela grass or Molasses 

Melinus minuiiftora Beauv. 

Leafy . 

All the aerial parts were severely 

grass. 

Eye ■ 

SecahccrcaUlj, . . 

Vegetative . , 

damaged. The plants were 
cut back to the ground levels 
and fresh growth appeared 
after about a fortnight. 

Highly resistant 

Aegilops ventricosa Tausch. • . 

Do. 

Bo. 


A eg Hops triuncialis L. 

Do. 

Bo. 


Aegilops squarrosa Jj. . . 

Bo. 

Do. 


Agropyron cristatum Boiss, . 

Bo. 

Bo. 


Bromus japoyiicus Thunb. 

Bo. 

Bo. 

Rescue grass 

Bromus unioloidts H.B.K. . 

Bo. 

Bo. 

Phalaris minor Betz. . 

Bo. 

Bo. 

"Wild barley 

Hordeum murinum L. 

Bo. 

Bo. 

Two -rowed wild barley 

Eordeum disUchon L. . , 

Bo. 

Do, 

Rye-grass 

LoUum temulentum L. ' , . 

Bo. 

Bo, 

Perennial rye-grass . 

Lolium pcrmneJj, . . 

Bo. 

Bo. 


Summary 

Data regardiiag minimum maximum temperatures and humidity from the 1st to 15th January, „ 
1945, as recorded at the Imperial Agricultural Research Institute, New Delhi, are given. 

The effects of frost on a number of plants, both indigenous and exotic, maintained at the Section 
of Economic Botany of the Institute, are recorded. 
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REVIEWS 

.The constituents of wheat and wheattproducte 



By C. H. Bailey (Published by Reinhold Publishing Corporation, New York, 1944) pp. 332 

Price $6'50) 

T hough it is great privilege to be asked to review such a book, the undersigned feels rather shy 
in passing any judgement on this great book written by the great man Dr C. H. Bailey who 
is considered to be an outstanding cereal chemist of the world and a leader in this field of science. 
It was from him that the reviewer acquired the knowledge of cereal chemistry a/td technology 
while he was his student in the University of Minnesota, U. S. A., sometime ago. 

After going through the book one may be inclined to feel that it contains details of numerous 
items which may be only of a historical interest. Whilst this may be true, the important point to 
be taken into consideration is the masterly grasp of the subject and the painstaking thoroughness 
with which Dr Bailey has brought together, in a systematic and readily available form, the enormous 
literature which has accumulated mostly during the past half century, beginning with Becarri^ 
famous “ glutan working experiments ”, published as early as 1745. The reviewer is sure all the 
cereal chemists and technologists will gratefully acknowledge the real service that Dr Bailey has 
done to them by placing before them such a comprehensive and unique compilation which 
is designed to serve as a guide and source of reference to the complex and massive literature on wheat 
chemistry. 

Every cereal chemist and technologist will wish to own a copy of such an excellent book, which 
happens to be the first and the only one of its kind that has so far been written. 

The book contains 16 chapters of which seven deal with the nitrogenous compounds and three 
with carobohydrates. The remaining six are devoted, respectively, to the liquids, minarals halogens 
(together with sulphur ajid selenium), acidity, pigments and vitamins. 

Dr Bailey has given a hint in his introduction that he is planning to bring out a second volume 
which will deal with the dynamic biochemistry of wheat dealing with, among other things, enzymes, 

* bread making, wheat processing, etc. There is no doubt that such a book will get enthusiastic re- 
ception and these two volumes, this and the one which Dr Bailey contemplates publishing, will form 
the vdde macum of the cereal chemist. 

There is a complete Ifet of references at the end of each chapter, the total number of citations 
being 1024. The book contains an author index and an adequate subject index. — R.S. 
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Notice No. 5 of 1945 

T he following quarantine regulations have been received in the Imperial Council of Agricultural 
Research. Any one interested is advised to apply for detailed information to the Secretary, 
Imperial Council of Agricultural Research, New Delhi. 

1. B.E.P.Q.— -396, Supplement No. 2, dated 6 July 1945 issued by the United States Depart- 
ment of Agriculture. 

2. B.E.P-Q,““379 (Revised), Supplement No. 2, dated 30 June 1945 issued by the United 
States Department of Agriculture. 

3. B.E.P.Q, — 502, Supplement No. 1 Revised dated 30 June 1945 issued by the United States 
Department of Agriculture. 

4. B.E.P.Q. — 416, Revised, Supplement No. 1, dated 7 August 1945 issued by the United 
States Department of Agriculture. 
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ORIGINAL ARTICLES 

THE MEASUREMENT OF SOIL EROSION 

I. THE EaODIBILlTY OP SOME BENGML) SOILS 
(JNDER BARE FIELD CONDITIONS 

By A. T. Sen, M. Sc., Ph. D. OjOnd ), A. L 0. and A. E. Pott, 

Agricultural Chemistry SectioD, Dacca UniTersIty 

(Receired for publicatfan on 28 Marob 1944> 

(With one text- figure) 

General introduction 

V ERGIN soils uader natural vegetation suffer no appreciable erosion by water or wind, 
excepting of course the slight geological erosion. The latter, however, is beneficient to 
soil f ormation. It is thus obvious that erodibility is not an inherent property of any 
virgin soil. Only when the vegetation is removed' that soils become unstable and more 
30 in countries of rolling topography. Instances of vast areas losing the whole of their 
topsoil, the most fertile portion, within a few years through man-accelerated erosion, 
are frequent. In fact, soil erosion has become a national problem in almost every country 
It is, therefore, increasingly reali^sed that the progress of erosion must be checked. 
Consequently, efforts, large or small, are now being made in this direction in almost, 
every country. It is hardly necessary to stress that such efforts to be successful 
must be based on the information obtained on the erodibility of soils in the bar© 
condition. 

Information about erodibility of soils is usually obtained through elaborate field 
experiments. Unfortunately, the information so obtained relates to the particular 
environmental conditions which might have prevailed during th© course of those experi- 
ments. This puts considerable limitation to the value of soil erosion measurement. 
Nevenheless, such measurement has given many useful data. The drawback in the 
field experiment is shat it is both expensive and time-consuming. If similar information 
can be obtained muck more quickly and at a very low cost by any other techaique, 
the value of the latter becomes obvious. Already certain indications have been obtained 
by one of us [Sen, 1939] that the laboratory measurement of soil erosion may prove to b© 
such a technique. 

The purpose of the present series of investigations is to examine the scope of that 
technique with a view to eventually employing it in any comprehensive anti' erosion 
projects. It may be said at once that where anti-erosion project is of immediate 
necessity, the field technique is altogether out of the question. Something has got to b© 
found which may be capable of defining slope classes quickly. 

In the present investigation the technique has been tried on Bengal soils only. 
These soils are mostly alluvial in character and have been deposited in the plains 
from the gradual washings of the mountains, and are rather young. They are generally 
liable to erosion when kept bare of vegetation, since they lie in a region of heavy 
storms. 

The investigation has been carried out as follows: 

Part I. The erodibility of some Bengal soils under bare field conditions. 

Parb II. The erodibility of some Bengal soils under laboratory-controlled 
conditions. 

Part III. Certain physico-chemical properties of some Bengal soils as related to 
their erodibilities. 
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p^rtlT. The e«ect o< OTg«iic matter and lime on the erodiMWy oJ Daece 

Append!. f'ZZ for measnring the diepereion ratio o. Indian red and 
laterite soils. 
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MEASUREMEHT OF SOIL EEOSION, 1 

Expbeimbntal 

A wooden bottomless box, 18 in. x 18 in. x 8 in*, provided with 1 io. wide gutter along 
one side and 2 in. below the upper edge of the side, has been used for erosion 
measurement. The gutter is made slightly sloping to facilitate a free passage of the 
runoff along with the eroded soil ia order to prevent the over. iow of the rimoff which 
otherwise may ne caused by the accumulation of the eroded material. An outlet tube 
kept flush with gutter is also provided. 

A suitable open site is selected and carefully denuded of the natural vegetation (grass) 
by means of a flat trowel, disturbing the soil as little as possible. The slope of the land 
is then found out as follows : One end of a scale, 50 cm., long, is allowed to rest on ^ the 
soil and the other end is slided up ...and down against another small scale held vertical, 
until a spirit level placed on. the long scale indicates that the scale is hoiizontaL| 
The vertical drop at this end of the scale is then directly read off from the small scale.f 
This multiplied by 2 gives tie per cent slope of the land. 

At the site selected the box is placed and its inner boundary marked with a knife. 
The box is removed and the marked space is then completely covered with a metal 
plate. The objecu of the cover is to protect the surface soil from bemg disturbed during 
digging. With the cover kept in positioD, the ground around it is dug with a pick^axe 
to about the depth required for setting the box, care being tai;en that the pit bo dug 
around the boundary is as narrow as possible. Tbe box is placed in position and sunk 
by renjoving the extii;a earth from the sides with a 'Khanta\ Wheie boulders appear 
as at D Liars and Silk na and as they are likely to obstruct the sinking of the box, they 
are very carefully removed and the space is lilled with the tcp soil ; care being taken 
that when the box is sunk the gutter sets flush with the soil. The metal cover is 
then removed and any small gaps along the inner edges of the box are filled up with 
the top soil up to the surface level. 

When the box has been fixed in position a bent glass tube is fitted through a 
ho.e at one end of the gutter by means of sealing wax The other end of the bent tube 
is connected by a rubber tube with another glass tube leading through a rubber cork 
into a reservoir in which the runoff with the eroded ^ material is collected. An air 
passage is provided for the reservoir by another glass tube through the rubber cork. All 
joints are then tested for leakage of water. 

A rain gauge is placed nearby on laud made level by scraping with the ^khanfa" 
and held firmly in position by means of wooden sticks fixed in the earth. 



Fjg, 1. Coraplete arrangement of the apparatus as installed at site 
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After the box has beea installed, a few samples of the^ undisturbed soil are^ taken 
a«: xaBclom by a borer in the immediate neighbourhood outside the box to determine the 

moisture eontect before rairfall and the soil’s mechanical composition. ^ 

After a shower, the eroded soil still Jeft in she gutter is washed into the reservmr 
with a polweman, using ' a portion of th--' collected runcfl by meaijs of ^ a ^pipette. The 
volume of the nincff is then measured and ihis along with the eroded soil is ^sent to the 
laboratory, where the eroded material is filtered, dried ai 100 — 105®0- and weighed. The 
nitroge n in the eroded material is estimated by the modified Kjeldahl s method and the 
available phosphate by the Troug’s method [Wright, 1939]. 

Effect op slops and soil characters 

In Table I the rairfal!, the runoff and the soil loss during experiment together 
with the name of the locality, soli number as well as its moisture content before rainfall, 
and other data are given. ^ ^ ^ ■ 

All the soils, excepting 6 A ano iA, show considerable erosion even under such 
liglt showers as 0/2*'-0.3 in. in some cases. Of the total precipitation received during 
experiment, 21 to 7b per eeni of it has been lost as runoff (column h). The Durgapur 
(BA & 6A) soils, in which no runoff and soil Joss have occurred, are almost dry at the 
time of the e^xperiment, and they have absorbed the whoM^- of the shower of 0.45 in. as 
quickly as it has falleo. It wll be further seen that the Bolpur (16A and I6A) soils are 
also similarly dry, and the amount and intensity of rainfall (columns c and e) are more or 
less ident cal wJh those in me case of Durgapur soils, yet there have occurred consider- 
I ab’e runoff and soil losses fcoliimns f and g). This difference in the erodibility between 

A the Durgapur and Bolpur soils is partly due to the slope differences and partly to the 

diffeivnce in the mecharncal composition of the soils of the two places The Durgapur 
B soils are highly sandy contaming^ approximately 9l to 96 per cent sand, while the Bolpur 

W' , ■ soils are loamy containmii about ^ to 40 per cent ' of clay plus silt (column k).' ■. 

il Comparative etodibiHty of the soih. If the soils, 2A, 8A,10A and DP, the slopes of 

I which are more or less equal are compared, it will be seen from columns (f) and (g) that 

I both the runoff and soil loss of DP are” very much greater than thos^- of 9A, although 

the amounts of I aiiifaU in the t wo cases are almost e luaL The runoff and soil loss of 
iOA soil are minimuBi amongsr, the four soils compared. This, however, may ba due 
to the much smaller precipitation in this case. In order, therefore, to bring the soil 
losses of all the soils on a comparative basis, the soiLlosvS in grams per 1000 c.c. runoff , 
have been calculated and are given in column (j). It will be seen that the soiMosses in 
the esse of the four soils are 5.29, 9.9, 12.98, and 18.19 gm. per 1000 e.c. runoff for lOA, 2A, 

‘ 8A and DP soils respectively. In other words, the erodibilityr of the DP soil is 
roughly thrice, twice and one and half times as much as that of lOA, 2A and 8A res- 
pectively. On the other hand, even for the soils within the same locality, such as3A and 
4A, where, excepting the slope, all other conditions are parne, fhe4A soil at a lower 
slope has eroded more than tie 3A soil at a higher slope. 

It has already been pointed out that no runoff has occiirred in the case of the 
almost dry Durgapur soils, 5A and bA. Again, for the Hnkna soils 9A and lOA, much 
greater ruijoff (column f) has been obtained for the lOA soil at a lower slope than that 
of 9A soil at a higher slope. The mgher moisture content of the lOA soil may have 
partly caused a greater runoff. Similirly, the Bankura soils, 11 A and 12 A, show a 
greater I un off for the 12 A soil at a lower slope than that for the 11 A soil at a higher 
slope. It seems, therefore, that the moisture status the soij previous to a storm may 
considerably influence I he amount of runoff. But whereas this is likely t o be apparent 
for any one soil wheneiosion occurs in it at different times of the year, this may not 

be evident when a group of soils are compared with each other. Becansi the differences, 
if any, due to the difference in the moisture eonteivt of the fioils, may be masked by the 
effects of other factors affecting runoff. This is best illustrated by tto 
cent again, of 2A, 8A and DP soils which, as mentioned before, are more or less at 
^ the same slope. The DP soil with a lower moisture content has given more runoff 
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either the 2A or the 8A «,il, £t t?. DF sT ^ ” 

the 8A soil is either equal to, or heavier than that m the case or c j 

From all that has been stated above it appears ^;^| t£%reviou8 moisture- 

examined is considerably f, ^ woSd be interesting, therefore, 

status by t^e properties of the s^s thei^l • ^ which these properties 


status by tbe properties of the soils extent to which these properties 

to study from a comparative point of view ^ ^nditions, and ako to 
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MEASUKEJIENT OF SOIL EROSION, I 


The laboratory measiiremeat of erosion has been earned out under 1 in, of rain- 
fall and the soil loss given in column (y) of tha above^ table is obtained from the 
average soil loss figure of three successive inches of rain,, at ihe respective slope. It 
will be seen from the table that where the amount of rainfall in the field has been 
more than one inch, for example, d A and 4x4., the soil losses are greater than those ob- 
tained in the laboratory. Where the rainfaL has been approximately 1 in. as in 
7A and SA, the soil losses are more or less equal to those obtained in the laboratory. 
And where it has been smaller than one inch, as in most of the remaining cases, the 
laboratoiy measurement gives higher values in soil losses. It appears, therefore, that under 
similar rainfall the results of laboratory and field measareoients are also similar. The 
laboratory measurement can thus be employed with advantage to get an approximate 
idea of the extent of erosion occurring in the field. The importance of this is obvious. 
The technique usually erhployed in measuring the erosion in the field is not only very 
costly but it also fails to give an absolute measure of the erosion which varies from 
year to year depending upon the amount, intensity and distribution of annual rainfall. 
Thus the field measurement can only be approximate and is as defective as the labo. 
ratory measurement possibly is. Besides, the field measurement is of limited applica- 
bility, since the results for a particular plot will appiy^ for that plot only and will 
not be applicable to a soil, not far away, due to variation in slope, physical property 
and other factors. Laboratory measurement, on the other hand, although possessing 
the same inherent defects as in the field measurement, has a considerable economic 
advantage over the latter and can be employed with greater success by carrying out the 
measurement on a large number of soils in the neighbourhood with practically very little 
additional cost. 

The loss of fertility dements. Although the field measurement employed here is of 
a very preliminary nature, nevertheless, it gives an approximate idea of the possible 
extent of erosion which these soils are likely to suSer annually when put under culti- 
vation without erosion.control measures. The soil loss in tons per acre per inch rain has 
been calculated from the' figures in column (i) of Table I, and are given in Table III 
together with the annual precipitation, the run off per cent of column (h)of Table I, 
the percentage of nitrogen and in the eroded material, etc. 

Table III 


The annual runoff and loss of soil and fertility elements 


/ Annual Runoff Soil-loss | Annual Annual Nutrients 
precipi- per in tons runoff soil -loss in eroded material 

tation in cent per acre in inches in tons 
inches per inch per acre Tolal N | Available 

(approx.) rain P* c. 


Annual loss of nutri- 
ents in eroded mate- 
rial per acre in lb. 

T otal E Available 

19). (iO) 
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It -will be seeu {rom Table III that the annual precipitation in the areas exa. 
mined varies from. 66 to 200 in. (column 2). All of this rain will not cause erosion but 
the bulk of it wiil. If, howe;^r, we assume that the whole of the rain will be efec- 
tive in the same way as the observed shower in the field measurement, the prolaable 
annual runofi may be as much as 14.8— 79.3 inches (column 6) and the ana ual soil loss 
as muchas 20— 170 tons per acre (column 6). This soil loss certainly occurs from the top, 
the most fertile portion of the soil. The magnitude of this loss and its consequent effect 
on crop growth may be further raailzed from the annual loss of total nitrogen and 
available PgOs in the eroded material which may be as much as 74— 3094 lb. and 2.3— 
26.7 lb. per acre respectively (columns 9 and 10). 

Summary 

1. In order to gain some information of the relative erodibilities of Bengal 
soils field measurement of erosion has been made in small bare plots under short 
storms at eight different places distributed over Bengal, where erosion in the cultivat- 
ed fields does occur. Two soils at each place have been examined. 

2. All the soils investigated are found to be fairiy erosive. As much as 21— 76 
per cent of the precipitation may escape as runoff and as much as 20—170 tons of 
soils may be eroded annually carrying with it 74— 30941b. of total nitrogen aad2.3— 
26.7 lb. of available PjOs approximately. 

3. The moisture-status of a soil previous to a storm considerably infiuences the 
runoff. 

4. The soils at more or less the same slope are found to erode very differently, 
one eroding li to 3 times as much as others. Furthermore, a soil at a lower slope is 
found to erode more than an adjacent soil at a higher slope. 

6. Therefore, it is proposed to study further the relative erodibilities under more 
controlled conditions in the laboratory. The merits of the laboratory and field measure- 
ments are also discussed. 
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PLANT-FOOD REQUIREMENTS OF CALCAREOUS SOILS 

I. OPTIMUM EEQUIREMENTS OF PHOSPHORUS FOR PUSA 
CALCAREOUS SOILS 

By S. Das, M.Sc. (Cal. and Alld.). D.So. (Alld.) Assistant Agricultural 
Chemist, Imperial Agricultural Research Institute, New Delhi 

(Received for publication on 9 November 1944) 

(With two text-figures) 

S INCE the beginning of agricultural research, the problem of determining plant.food 
requirements of a soil has been of major importance. Various methods of solving this 
problem have been proposed, including a complete analysis of the soil, extraction by acids 
of various kinds and strengths as well as by physiological means. It must be admitted, 
however, that at the present time there is no known method which is both accurate and 
universally applicable. 

The fact that the proposed methods are all empirical in character is a great draw- 
back, but the serious objection is that the results give a measure of the condition of a soil 
at a particular time only and obviously cannot apply to its condition at diiferent times 
throughout the year. There is probably no hard-and-fast line between the ‘non- available* 
and the ‘available’ constituents, the one set gradually merging into the other. 

The whole question of available plant food is necessarily bound up with the complex 
relationship that exists between plant and soil, and it is unlikely that any simple or single 
method will be devised to overcome the inherent diflSculties attaching to the problem and 
~ be generally applicable to different sets of conditions. The admitted lack of agreement 
obtained with the various methods at present in use is tmdoubtedly due, to a large 
extent, to the variety of factors involved as well as to the fundamental objections which 
may he raised to any one method. We are still very ignorant of the process of assimila. 
tion by the growing plant, and until we have more information on this subject, methods 
of estimating available plant food in soils must continue to be largely empirical and the 
results merely first approximations. 

The belief of the practical agriculturist that the chemist can give reliable advice 
purely as a result of analysis of his soil, dies bard ; it is still a common experience to 
receive a sample of a few ounces of soil with a request for detailed recommendations as to the 
manuring of the land in question. Now-a-days no agricultural chemist of repute would be 
so bold as to make such recommendations merely on the basis of a soil analysis. He 
knows that plant food supply is only one of the. many factors which may exert a dominant 
influence on crop production. Detailed knowledge of climate, drainage, method of ciop- 
ping, and so forth, must be available. Given such information, soil analysis can be of 
great value, but the final test must always consist of actual manurial trials on the land. 
For the plant must be accepted as the ultimate criterion and all conclusions drawn accord- 
ing to plant response. 

It is well known that the growing plant itself possesses power to a greater or less 
degree to feed directly on phosphates and that some plants possess specially marked 
powers [Truog, 1916]. As a result, no common limiting value for available phosphoric 
acid can be suggested, as given by Dyer [1894], which will be equally applicable for all 
types of soil. Consequently, this value must be worked out for different soils. Even in 
the same soil it will be different according to the types of crop grown on it from time 
to time, as crops vary greatly in feeding power and phosphate requirement. There is, 
therefore, a need for studying these two properties for various crops. 

The problem becomes further complicated by the fact that different types of soil 
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require different systems of manuring. Although calcareous soils round about Pusa be. 
longing to the Indo-9-angetic alluvium and containing 30 to 40 per cent of chalk, yield 
extremely low values of available phosphoric acid when measured by the ordinary labora- 
tory methods, the action of phosphatic fertilizers on them in actual farm practice is 
extremely erratic. As for instance, the application of superphosphate alone, more often 
than not, yields disappointing results, and the best results are usaally obtained when 
applied in conjunction with heavy organic manures. 

Earlier work of this laboratory lays stress on the following three factors for this un- 
certain action of superphosphate in calcareous soils, viz. ; 

1 . The retention of soluble phosphoric acid of superphosphate in the surface layers 

as insoluble calcium phosphates by chemical combination with the large amount of calcium 
carbonate normally present in these soils aud the consequent localized action of superphos- 
phate as shown by Harrison and Das [1921] ; . . , ■ 

2 . the depressing action on the cropping power of calcareous soils of gypsum which is a 

present to the extent of 60 to 6 , ) per cent in commercial superphosphate as shown by the 

author [Das, 1^3] ; and 

3. the deleterious effect of the surface application on the availability of superphos- 
phate in calcareous soils as recently demonstrated by the author [Das, 1945]. 

The depressing effect of the factors (1) ond (3) can be successfully counteracted by 
applying superphosphate 4 to 6 inches deep, which has been shown by the author [Das, * • 

1945j to bring about the maximum crop production in calcareous soils. 

As laboratory methods alone fell far short of expectations in finding optimum plant 
food requirements of soils, it was considered desirable to discover the same by actual 
manurial trials on the land. 

Expbsimental 

Two series of pot experiments were instituted in 1933 with a calcareous Pusa soil ' 

containing 33 per cent of calcium earb mate. Pour pots of similar dimensions, viz. 9- 
in.' in diameter and 12 in. high formed a group and received similar treatment. In 
one series nitrogen and potash were added as a basal dressing to all the pots at the rate of 
60 lb. per acre as sulphate of ammonium and potassium chloride respectively. P 2 O 5 as 
precipitated calcium phosphate was added to different groups of pots at the late of 25, 60, 

76, 100, 200 and 4(K) lb. per acre, which correspond.respectively to 0.00J25, 0.0026, 0.00376, 

0.006, 0.01, and 0.02 gm. PaOg per 100 gm. of soil. In the other series nitrogen was 
supplied as a basal dressing to all the pots at the same rate as in the first series in the 
form of dried leaves of smm-hemp {Croialaria jmcea). The dried green manure added con. 
tained potash equivalent to 80 lb. per acre aud PgOe equivalent to 26 lb. per acre. 

Allowance was made for the latter while adding increasing amounts of precipitated 
calcium phosphate to supply PaOs to different groups of pots as in the first series. Each v" 
pot contained 16 kilos of air.dry soil. The pots were watered from the top and 16 per 
cent of moisture was maintained in the soil throughout the expriment. The maximum 
water-holding capacity of the soil was 48 per cent. There was a group of control pots in 
each series for comparison where no phosphate was added, but nitrogen and potash were 
supplied as a basal dressing. Ragi {Eleusme coracam) was sown on 16 June and the crop 
harvasted on 10 October 1933, Although the weights of both grain and straw per pot 
wererecordedseparately, only the mean yields of grain are given in Table I along with ' ' 

their statistical examination by Fisher’s [1932] analysis of variance. 
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The mean yields of ragi {Eleusine coraeana) grain in Pusa calcareous soil with increasing 

doses of calcium phosphate 


I ! 

I A Series with N as (NH 4 ),S 04 j B Series with N as dried sunn-hemp leaves 


P,,Os per acre 





“ in lb. 

Mean yield in 

Percentage of increase 

Mean yield in 

Percentage of increase 


gm. 

over control 

gm. 

over control 

Control 

IL60 


11.88 


25 

19.33 

66.4 

16.10 

35.3 

50 

20.18 

74 J 1 

20.23 

70.0 

75 

25.95 

123.7 1 

26/20 

120.2 


26.88 

140.5 

27.80 

133.6 

200 • 

23.98 

] 106.8 

25.63 

115.7 

400 

1 28.38 

144.7 

i 

26.95 

126.9 

i ' ■ 


Standard error for 
comparison of 


mean yields 

1.33 

2.03 

Critical difference 

for 1 per cent ... 

3.77 

. 5.75 , 

Critical difference 



for 5 per cent 

2.77 

4.22 



From Table I it is evident that the diiferences in mean yields oi ragi grain between 
the control and every other treatment in both the series are highly significaat, being 
greater than the critical value of difference even for one per cent level of significance. 
Similar differences of other treatments over either 26 or 50 lb. P-iOs per acre are^ also 
highly significant, but among 25 and 60 lb. of P 2 O 5 themselves, or among the remaining 
treatments no significance in meau yields of grain is found. The application of 76 lb. of 
PaOg per acre yields practically the maximum crop production, although higher applications 
of P 2 O 5 appear to give slightly better crop returns which are not, however, significant at all. 
Consequently, the application of 75 lb. of PjOs per acre meets the optimum phosphate re. 
quirements of calcareous soils here for a kharif (summer) crop like ragi. 

Another striking fact noticed is that green manure applied to soils in the dry state 
as in the present instance does not prove better than ammonium sulphate, when applied to 
supply nitrogen. This may be attributed to the fact that most of the_ advantages 
accruing from the process of fermentation of green plant materials are lost, while using the 
same in a dried form. 

Next it was considered desirable to discover any relationship that might exist bet- 
ween the available phosphoric acid determined by ordinary laboratory methods of the soils 
treated with increasing doses of the phosphatic fertilizer and the corresponding crop 
yields. For this purpose soil samples from the diSerently treated pots of both A and B 
series of experimeats were examined for available phosphoric acid by Dyer’s [1894] citric 
acid method as well as by the potassium carbonate method of the author [Das, _ 1926]. The 
results obtained are set forth in Table II along with the mean yields of ragi reproduced 
from Table I for comparison. 
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Available phosphate of soil samples of pots treated with increasing doses of phosphatic 
fertilizer and the corresponding crop yield $ 


PjO- added per acre , 

' inlhr 

Control 

25 

50 

|75 

100 

200 

400 

FaO, added per 100 
gm. ofsoillE 

g®- I 

nil 

0.00125 

0.0025 

1 

0.00375 

1 

0.005 

0.01 j 

■ 1 

! 

0.02 


A Series. Witli N as ammoniutn sulphate 


^ Percentage of PjOg by 

Kp3, 

Percentage of PjOg by 
citric acid 

1 0.0028 
0.0009 

0.0037 

0.0009 

0.0053 

0.0009 

0.0056 

0.0010 

0.0059 

0.0011 

0.0092 

0.0019 

0,0157 

0,0029 

Mean yield of mgi in 1 
gm . ■ ! 

11.60 

i 19.33 

20.f8 

25.95 

26,88 

823.98 1 2S ,3 

B Series. With N as dried sunn-hemp 

Percentage of PX>, by I 

Percentage of by 

citric acid I 

0.0032 1 

0.0009 

1 0.003S 

o.oon 

0.0039 1 0.0046 0.0051 

0.0014 1 0.0015 i 0.0016 

1 0.0086 
0.0018 

0.0161 

0.0041 

Mean yield of ragi in 
gm. 

11.88 

16.10 

20.23 

26.20 ! 27.80 

25.63 

‘26.95 





The above results are graphically , represented in Figs. 1 and 2. 

It is evident that the values of available phosphoric acid by the citric acid method 
are extremely low up to the application of 100 lb. of PjO* per acre in both the series of 
experiments. Besides, they offer such great manipulative difficulties in their estimation 
as to render their accuracy hardly reliable. On the other hand, the potassium carbonate 
method gives values of available phosphoric acid which show a fair increase with gradually 
higher applications of PaOg and are significantly related to the corresponding crop yields 
up to the limit of 76 lb. of P 3 O 5 per acre. Taking the average of both the series which 
are similar experimental conditions, it is noticed that 0.005 per cent of available phos- 
phoric acid meets the optimum phosphate requirements of calcareous soils and produces the 
maximum crop yield Although higher applications of PaOj per acre undoubtedly increase 
considerably the values of available phosphate either by the citric acid or the potassium 
carbonate method, a correspondingly high increase in crop yields is not_ secured. Higher 
values of available phosphate may be attributed to the effect of mass action only. 

Therefore, it may be concluded that the value of 0.005 per cent of available phos. 
phoric acid as determined by the potassium carbonate method resulting from the applica- 
tion of 7.5 lb. of PjOj per acre meets the optimum phosphate requirements of the Pusa 
calcareous soils for maximum crop production. 

In order to obtain further confirmation pot experiments were repeated in 1933 and 
1934 wi:h mustard and oats respectively. Pots and other working details were the same as 
in the case of the previous pot experiments with ragi. 

Mustard was sown on 11 November, 1933 and the crop harvested on 9 March, 1934. 
Oats were sown on 3 November, 1934 and the crop was harvested on 19 March, 1935. The 
mean yields of mustard and oats are given in Table III. 



Gram availableP^OsperiOOim.Soil Gram AvailaWePaOsperlOO^ii. Soil 
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30 


20 


iO 


Pounds P0O5 added per acre of Soil . 

Fig. a. B Serie* 

Figs 1 and 2. The graphical representations for the comparison of the available phosphate 
of soils under increasing doses of the phoephatio fertilisor with the co^ponding crop 
yields of A and B series «f pot experiments respoetively 
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Table III 

Mean yields of mustard and oats grain in Pusa calcareous soil with increasing doses of 

calcium phosphate 


KOi per' acre in 
■ , IK 

Mustard 

1933*34 

P.O. per acre in 
lb. 

Gats 

1934-35 

Mean yield in 

gm. 

1 

Percentage of 
increase over 
control 

Mean yield in 
gm. 

Percentage of 
increase over 
control 

Control 

6.05 


Control 

30.10 

. ■, — 

60 

10.45 

72.7 

50 

107.00 

255*5 

70 

10.93 

80-7 

60 

120.43 

300.1 

80 

13.40 

121.4 

70 

113.90 

278.4 

00 

12.18 

101.3 

80 

112.53 

273.8 

100 

9.85 

62.8 

100 

115.60 

284.0 


Standard error for 

comparison of • /oo 

meanfields ... 1.255 4.83 

Critical difioronoe , . „ 

Fori per cent 3.61 13.90 

For 5 per cent 2.64 10.15 

From Table III it is evident that the application of 80 and 60 lb. of PjOg per acre 
gives the maximum yields of mustard and oats respectively, and meets the optimum phos- 
phate requirements of calcareous soils for these crops. 

Therefore, the four series of pot experiments detailed above indicate that the appli. 
cation of 60, 76 and 80 lb. of PjOs per acre meets the optimum phosphate requirements of 
calcareous soils for oats, rag* and mustard respectively. 

In order further to test these conclusions arrived at from pot experiments, field trials 
in the Punjab Experimental Area of the Pusa Farm were undertaken in 1934 in three 
adjacent 1 acre plots, each of which was subdivided into 18 equal sub-plots of 
acre each measuring about 30 ft. north to south and 20 ft. east to west. A basal dressing 
of potash and nitrogen at the rate of 60 lb. per acre as potassium chloride and ammonium 
sulphate respectively was given to all the sob- plots and phosphate as superphosphate 
applied 4 inches below the surface soil by deep ploughing to the plots concerned. There 
were six treatments of nine replications each. 

The treatments were PojPj, Pa, P 3 , P* and Ps representing respectively control with 
nitrogen and potash only but no phosphate, and 60, 70, 80, 90 and 100 lb. of PjOs per acre 
besides the basal dressings of nitrogen and potash as in the control plots. 

Ragi seedlings grown outside and about three weeks old were transplanted on 
11 July 1934 in 31 fines one foot apart with 39 plants in each placed six inches apart. 
A fortnight after transplanting, seedlings were dying at places ; these were replaced 
by fresh ones grown outside. Plants progressed well and during harvest one line from the 
surrounding border of each sub. plot was rejected, thus leaving 29 lines with 87 plants in 
each. On 9 September f«g» plants from the border were cut off and rejected, and ripe 
cobs colleoted on 11 and 22 September, 1934. This interval was given on account of 
unequal ripening. " 

Next a crop of oats was raised in these very plots in the following winter of 1934 in 
order to study the residual effect of the fertilizers. Oats were sown on 3 November 1934, 
and the crop was harvested on 23 March 1 ^ 6 . Mean yields ot ragi and oats grain are 
given in Table IV. 
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Table IV 


Mean yields of ragi and oat grain in field experiments with Pusa calcareous soil under 
increasing doses of a phosphaiic fertilizer 


PgOj per acre In lb. 

Primary effect 

Residual effect 

Ragi 1934 

Oats 1934-35 

Mean yield in 
lb. 

Percentage of 
increase over 
control 

Mean yield in 
lb. 

Percentage of 
increase over 
control 

Pq— C ontrol 


22.76 


8.77 


p,= so 

••• 

25.04 

10.0 

9.09 

3.7 

70 


25.84 

13.2 

9.26 

5.6 

P,= 80 


25.87 

13.7 

9.43 

7.5 

P,« 90 

frti 

26.21 

15.2 . 

10.38 

18.4 

P«=100 

... 

25,37 

11.5 

8.98 

1 ' 2.4 


Standard error lor compari- 


son of mean yields 

... 

1.00 

0.607 

Critical difference 

For 1 per cent 

«»4r 

2.69 

1.64 

For 5 per cent 

• •• 

2.02 

1.22 


From Table IV it is evident that the differences in mean yields of ragi grain between 
the control and every other treatment are significant, being greater than the critical value 
of difference for 1 per cent level of significance in all cases except 60 and 100 lb. of 
P 2 O j per acre where 6 per cent level of significance holds. Thus, of the treatments 
showing 1 per cent level of significance, the application of 70 lb. of P^Ob per acre produces 
the maximum crop yield from the farmer’s point of view, although 80 and 80 lb. of P^Os 
give slightly better returns which were not, however, significant at all. "With regard to the 
oat crop no phosphatic treatment has any residual effect except the original treatment of 90 
lb. of PaOj per acre. 

It will thus be evident that the application of 70 lb. of PaO* per acre on a field 
scale can satisfactorily meet the optimum phosphate requirements of calcareous soils for a 
kharif crop like ragi. It is interesting to note that this limit is not very different from the 
optimum dose of 7o lb. of PaO* found in the case of pot experiments. 

Next it was thought worthwhile to get au idea of the practical value of the manurial 
requirements of these soils, as the f aimer would like to know what return he could expect 
from manuring these soils. For this purpose, the economics of the manurial treatment may 
be taken into account. From the cropping experiments detailed above it was found on 
calculation that by spending about Rs, 8 to 10 extra as the cost of adding per acre about 
80 to 100 lb. of PaOs as superphosphate according to the optimum phosphate requirements 
of various crops in these calcareous soils, enough extra yields of ragi, mustard, and oats 
over the control were obtained which justified the manurial treatment by leaving a decent 
margin of profit. The residual effect of 60 lb. of PjOb was, however, found not to be econo- 
mically significant. 

It was then of interest to know the rate of assimilation of important food materials 
by the growing crop from the fertilizers applied. For this purpose, the representative 
samples of rag* grain collected from the nine replicated sub-plots of each treatment were 
submitted to chemical analysis and the results obtained are given in Table Y* 
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Table V 

The chemical composition o/ragi grain grown in field experiments with Pasa calcareous 

soil under increasing doses of a phosphatic fertilizer 


PPe per acre in lb. 

Per 

cent constituents calculated 

on dry ragi grain 

Mean yield 
of grain in 
lb. per 
plot 

Ash 

Sand 

K,0 


PA 

P^, o Control 

3.32 

0.16 

0,861 

1.53 

0,498 

22.76 

.P,, « 50 

8.21 ' 

0.21 

0.792 

1.56 

0.506 

25.04 

P, 70. 

3.15 

0.16 

0.802 

1.60 

0,543 

25.84 

P 3 « 80 i 

3.09 

0.21 1 

0.819 1 

1.42 

0.600 

25.87 

F 4 - 90 ... i 

2,96 

0.14 

0.724 f 

1.47 

0.642 

26.21 

p, , - 100 : 1 

! 

3.09 

0.14 ! 

j j 

0.809 ! 

1,46 

0.609 

25.37 


It is seen that the PaOo content of the ragi grain increases appreciably with the 
increased applications of the phosphatic fertilizer, while the nitrogen content tends to de- 
crease slightly. Its potash content, however, does not exhibit any appreciable variation. 


Summary 

1. Pot and field experiments substantially confirm the conclusion that the applica. 
tion of 60, 70 and 80 lb. of P*Og per acre with basal dressings of nitrogen and potash yields 
the maximum crop of oats, ragi, and mustard respectively in Pusa calcareous soils and 
meets the optimum requirements of these soils for the above crops. 

The cropping results were both statistically and economically tested and found to be 
highly significant. _ 5 

2. The examination of the available phosphate of the soil samples showed that the 
values obtained with the author’s potassium carbonate method were significantly related 
to the crop yields of ragi up to the limit of 76 lb. of PjO^ per acre. Hence, 0.0(© per cent of 
available phosphoric acid of a calcareous soil resulting from the application of 76 lb. of 
P, Ob per acre corresponds to the maximum crop production. 

3. On the other hand, the values of available phosphate obtained with the Dyer’s 
citric acid method did not yeild such significant results as above and failed to corroborate 
the results of the crop yields. 

4. The examination of the rate of assimilation of important food materials by the 

growing crop from the soil and the applied fertilizers showed that the PaO* content of the 
ragi grain, increases appreciably with the increased applications of the phosphatic fertilizer, 
while che nitrogen content tends to decrease slightly. Its potash content, however, does not ,jf' 
show any appreciable variation. -* 

REFERENCES 

Das, S. (1926). The determmation of available phosphoric acid of calcareous soils. Mem, Depi, Agric, 

India, Ch$m,Ser,BM 

(1933). The effect of gypsum on calcareous soils. A gric, and Live stock in India 

(1945), Availability of superphosphate with depth of its placement in calcareous soils. Indian /. 

, agric,Scl 15/47 . ■ , . ' ' 

Dyer, B. (1894). On the analytical determination of probably available 'Mineral* plant food in soils. 
J,Chem:Soc.m,n$ 

Fisher, R. A. {1932). Statistical Meihods for Reseafch Workers, Oliver and Boyd, Edinburgh 

Harrison, W. H and Das, S. (1921). The retention of soluble phosphates in calcareous and non^calcareous soils, 

Mem, Dept, A gric, India, Chem, Ser, 

Truog, E. {1916). The utilization of phosphates by agricultural crops, including a new theory regarding the 
feeding power of plants. Res, Bulk Wis, Agric^ ExPL Sta, 4|, ^ 


PLANT-FOOD REQUIREMENTS OF CALCAREOUS SOILS 

II. OPTIMUM REQUIEEMENTS OP NITEOG-EN POR PUSA 
OALOAREOUS SOILS 


By S, Das, M. Sc. (Cal. and Alld.), D. Sc. (Alld.), Assistant Agricultural 
Oiiemist, Imperial Agricultural Research Institute, New Delhi 

■ I 

, , (EeeeiTed. lor publication oa 9 Hovember 1944) I 

(Witli. Plate X.XD 

N iteoobs is by far the most important of the principal plant-food materials ia which 

Indian soils are usually deficient. The manurial problem is, therefore, in the main, I 

* one of nitrogen deficiency in India. Calcareous soils ia the Indo-Gangetic alluTium in j| 

Bihar respond well to all types of nitrogenous fertilizers. Oil cakes are available in 
plenty in this p_art of the country where the practice of green manuring is also well-known,^ 

Further, artificial fertilizers like ammonium sulphate, sodium nitrate, ammonium phosphate, ,, 

etc. are gradually finding greater application ia agricultural practice here. Information on i 

the optimum requirements of nitrogen for proper crop production in these soils is however 
lacking. As oil cakes are easily available nitrogenous manures commonly used in farm 
practice here, their action for the supply of nitrogen to these calcareous soils was first 
studied. 

ExPBaiMBNTAL 

A sample q| apricot seed cake on which some experiments were carried out in 
this laboratory by the author [Das, 1946] to find its use as a nitrogenous manure, was 
selected for the present in iuiry. Biochemical studies demonstrated that 63 per cent of 
nitrogen contained in the cake could be transformed into available forms in Pus a cal. 
careous soils in eight weeks and that further incubation did not increase the available ni- 
trogen in the soil mixture. Next it became of interest to deteimine how much of the 
cake would meet the optimum requirements of nitrogen for maximum crop production 
in these calcareous soils. As the cake with 6.7 per cent of nitrogen contains also 1.49 
per cent of P 2 O 5 and 1.09 per cent of potash, extra doses of these two consti- 
tuents were not applied as fertilizers in the following pot experiments. 

A series of pot experiments was started in the winter of 1932 with the Pusa cal. 
careous soir containing about 35 per cent of calcium carbonate. Wheat was chosen as 
the (winter) crop which responds readily to nitrogenous manures. Pour pots of 
similar dimensions, viz. 9 in. diameter by 12 in. high formed a group ^Areeeived simi. 
lar treatment. The pots contained 15 kilos of air- dry soil_ in each and 16 per cent of 
^ moisture was maintained in the soil throughout the experiment. There was a group of 
control pots where no cake was applied. After the wheat crop was harvested, a second 
crop of fflgi (Efwstwc coracawa) was raised in the following summer of 1933 in these pots 
without any further manurial treatment in order to determine the residual effect of the 
cake. The cake was applied to the pots according to the scheme shown in Table I. 
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Table I 


The scheme of the application of the oil cake to pot culture experiments 




Manniial constituents per 
acre of soil from the cake in lb. 


Nitrogen from the 
cake per kilo of soil 
in mg. 




Pot numbers- 

N 

(Based on 63 per 
cent availability) 

PA 

K,G 

1 to 4 

5 to 8 

8 to 12 

13 to 16 

17 to 20 

Control 

i 10 

20 

40 

50 

12.6 

25.2 

50.4 

63.0 

4.47 

8.94 ! 

17.88 ! 

22.35 

3.27 

6.54 

13.08 

16.35 


Wheat seeds were sown on 10 November, 1932 and the crop was harvested on 20 
March, 1933. Alter the harvest of wheat-crop was over, ragi seeds were sown in these very 
pots in the next season on 11 June, 1933 to study the residual effect of the cal^. 
The ragi crop was harvested on 3 October, 1933. Mean yields of grain of both me 
crops are given in Table II along with their statistical examination by Fishers [1332] 
analysis of variance. 

TablbII 

The primary and the residual effect of apricot seed cake on the yields of wheat and ragi res^ 

pectively in Pusa calcareous soU 


Niirogenper acre of 
soil in lb. 

Primary eiffect with wheat 

I Residual effect with ragi 

Mean yield 
in gm. 

Percentage of 
increase over 
control 

Mean yield 
ingm. 

Percentage of increase 
over control 

Control 

4.34 

^ 1 1 - 

9.08 

' -11 — 

20 

8.01 

84.6 

10.63 

17.1 

40 

8.26 

90.4 

10.13 

11.6 

80 

10.08 

132.3 

10.55 

16.2 

100 

11.06 

155.0 

12.20 

34.4 

Standard error for 





comparison of 





mean yields 

0.59 

0,98 

Criticai difierence 





Fori per cent 

1.74 


2.89 

For 5 per cent 

1.26 

2.09 



It is seen that the increase in the yield of wheat over the control is high according 
to the increasing doses of the manure applied and that the differences in mean yields of ^ 
grail; between the control and every other treatment are highly significant being greater 
than the critical value of difference for I jper cent level of significance. The maximum 
crop was practically obtained by the application of 80 lb. of nitrogen per acre as cake, 
although a little better crop was produced by 100 lb. of nitrogen per acre which was not 
however significant, ^ ^ ^ J 
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In the case of ragi, although the increase in the yield of grain over the control in. 
dicated the residual effect of every treatmeat of the cake, ITO lb. of nitrogen only gave 
significantly higher yield than the control. It may therefore be concluded that the resi. 
dual effect_ of tbe_ cake can persist till the next succeeding crop in calcareous soils, 
only when it ie initially applied to the land at the rate of 100 lb. of nitrogen per acre- 

Next, cropping experiments both in pots and fields were instituted in the winter 
of 1934 to see how much of an artificial nitrogenous fertilizer like ammonium sulphate 
was needed to meet the optimum requirements of nitrogen for proper crop production in 
calcareous soils. 

Similar pots as in the case of pot experiments with cake were used and similar pro. 
cedure was followed. Basal dressings of potash and phosphoric acid at the rate of 80 
lb. and 100 lb. per acre as potassium chloride and superphosphate respectively were 
given to all the pots. There was a group of control pots for comparison, where potash 
and phosphate were added but no ammonium sulphate. Wheat seeds were sown on 28 
October, 1934 and the crop was harvested on 14 March, 1936. Mean yields of grain are 
presented in Table III along with their statistical examination by Fisher’s [1932] analysis 
of variance. 

Table III 

Mean yidds of wheat in Pusa calcareous soil under increasing doses of 
ammonium sulphate 


Nitrogen per acre of 
soil in Jb. 

Mean yield in gm. 

Percentage of increase 

I over control 

Control 




40 


32.40 

28.6 

60 


36.05 

43.1 

70 


36.18 

48.7 

80 


31.53 

25.1 

100 


27.20 

8.0 


Standard error for comparison of mean 

yields ... 1.557 


Critical difierence 

For 1 per cent ... 4.48 

For 5 per cent ... 3.27 



It is seen that the increase in the yield of grain is high over the control with every 
treatment of ammonium sulphate except 100 lb. of nitrogen per acre and that the dif- 
ferences in mean yields of grain between the control and every other treatment 
except ICK) lb. of nitrogen per acre are highly significant being greater than the critical 
value of difference even for i per cent level of significance. The maximum crop was 
practically obtained by the application of 60 lb. of nitrogen per acre. Therefore it may 
be concluded that the application of 601b. of nitrogen per acre as ammonium sulphate 
meets the optimum requirements of nitrogen for the maximum production of a crop like 
wheat in calcareous soils. 

The cropping results of the previous set of pot experiments showed that the ap- 
plication of 80 lb. of nitrogen per acre as cake met the nitrogen requirements of these 
soils for wheat 

In order, therefore, to test these conclusions arrived at from pot experiments, field ex. 
perimentswereconductedinthePunjabifeperimentalArea of the Pusa Farm in the winter of 
1934 in two i adjacent acre plots. Each of these plots was sub-divided into 18 equal sub. 
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and 20 it. east to west. 


plots of acre each nieasnrins; about 30 ft. north to south j ^nnn 

Jk basal dressing of potash and phosphoric acid at the rate of 80 ana lOulb. per 
as potassinni chloride and superphosphate respeciiveij^ was gi^en to all the _siib-piots, 
and nitrogen as ammoniuni sulphate to the plots concerned. There were six treatments 
of six replications each. 

The ...treatments were Ho, N|, .H:»2,r'N3-,-,]Sf4 and Hg _ 
with potash and phosphoric acid 0nl7 but.no nltrogelb and 40, 60, 1 0, bO ana lUM 01 
nitrogen per acre besides the basal dressings of potash and phosphoric acid as in the con- 
trol plots, ^ " 4.r , ^ 

Wheat seeds were sown on 30 October 1924 by means of a drill m ol lines north to 
south. 9 in. apart, in each sab.plot. Hejecting one row of pitots from all sides of each 
sub-plot in order to eliminate the border-effect, the wheat crop was harvested on 24 March 
1936, In the interval, however, on 26 January 1936, five plants of each sub-plot 
were collected and 20 such plants from six rsub-plots of each treatment photographed, 
after which their fresh weight was recorded, 

TabmIV 

Fresh weight of wheat plants about 12 weeks old grown under increasing 
doses of ammofiium sulphate in Pusa calcareous soil 


Treatment per acre 
of soil 

Weight of 30 wheat 
plants in gm. 

Percentage of increase over 
control 

« Control, P and K only 


380 


H,«a 40 lb. of nitrogen 

i ■ 

600 

81.6 

60 1 , ,, 

. 1 ' 

780 

105.3 

N,- 70 „ 


820 

115.8 

80 „ „ 


890 

134.2 

N»«i00 „ „ 


1.270: , j 

234.2 


It is seen that the vegetative growth of wheat plants increases generally with in- 
creasing doses of nitrogenous manure. This can be visualized in Plate XXI, where the 
photographofthecorrespondingwheatplantsisgiyen.* 

The mean yields of wheat grain with their statistical examination by Fisher’s [1932] 
analysis of variance are set out in Table V. 

Table V 

Mean yields of wheat grain in field experiments with Pusa calcareous soil 
under increasing doses of ammonium sulphate 


Treatment per acre of soil 

; Wheat 1934-35 

Mean yield in lb. 

Percentage of increase 
^ over control 

No= Control, P and K only 

13.25 

' - 

Ni=> 40 lb. of nitrogen 

19.10 

44.1 

N,= 60 

19.55 

47.6 

N,= 70., „ ^ 

19.85 

49.8 

80 . ,, ' i- ... ■ 

- : ^ 20.52 

'■ 54.8 '■ ■ 

Ns^lOO „ . ■ 

' 21.20 

60.0 


Standard error for comparison of mean yields 
Critical difference for 1 per cent 
„ ,, 5 per cent 


1.68 

4.78 

3.50 
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It is seen that the increase in the yield of wheat grain oyer the control varies be- 
tween 44 and 60 percent with creasing doses of ammonium sulphate and that the 
differences in mean yields of grain between ihe control and every other treatment are 
highly significant, being greater thin the critical value cf difference even for 1 percent 
level of significance. Thus, of all the treatments, the application of 40 lb. of nitrogen 
per acre as ammonium sulphate meets the optimam requirements of nitrogen of these 
calcareous soils for the maximum production of a crop like wheat. The higher doses 
produce, no doubt, slightly better yields, which are not however significant. The crop- 
ping of the two sets of pot experiments showed that the application of 50 to 60 lb. of 
nitrogen per acre met the optimum requirements of nitrogen for these soils. 

The economics of the manurial treatment shows that in pot experiments (1) 9 md. 
of apricot seed cake costing Rs. 13-8 per acre gave an extra yield of 16.2 md. of 
wheat over the control, (2) 11.6 md. of cake costing Rs. 17-4 per acre an extra yield 
of 8.3 md. of fflg* as the residual effect, (3) 3.6 md. of ammonium sulphate costing 
Rfi. 20-4 per acre an extra yield of 28.7 md. of wheat, and (4) in fidi experiments, 2.3 
md. of ammonium sulphate costing about Rs. 13 per acre gave an extra yield of 6 
md. of wheat over the control. Except the residual effect of the cake with ragi, all 
the other nitrogenous treatments gave economically significant yields which would 
Justify the manurial treatment leaving a decent margin of profit to the cultivator. 

Next it was considered worthwhile to see how ihe wheat grown under increasing 
doses of a nitrogenous fertilizer with basal dressings of potassio and phosphatic fertili- 
zers absorbed important food materials. For this purpose, the representative samples 
of wheat grain collected from the six replicated sub-plots of each treatment were sub. 
mitted to chemical analysis. The results obtained arl given in Table VI. 

Table VI 

The chemical composition of wheat grain grown in field experiments with Pusa 
calcareous soil under increasing doses of ammonium sulphate 


Per cent constituents calculated on dry wheat grain 


Nitrogen per acre; 



.. 




Mean yield of 

of soil in lb. 1 






wheat grain in 


Ash 

Sand 

PA 

K,0 

N 

lb. per plot 

No «= Control 

2.02 

oai 

0.770 

0.446 

2.160 

13.25 

N,= 40 

1.98 

0.14 

0 716 

0.407 

2.321 

19.10 

Na= 60 

1 90 

0.12 

i 0.692 

0.421 

2.415 

19,55 

N3« 70 ... ' 

2.34 

0.10 

1 0.616 

0,419 

2.500 

19.85 

80 . ■ 

2.24 

0.08 

^ 0.656 

0.429 

2.503 

20.52 

N««100.. ■ 

2.22 

0J5 

! 0.626 

0.397 

2.547 

21,20 


It is seen that the nitrogen content of the wheat grain shows a marked increase 
with the increasing doses of nitrogenous fertilizer applied and the reverse is the case 
with- PsOfi content. This result has an important bearing in showing the dangers of 
nitrogen fertilization from the point of view of plant nutrition. Potash content dees 
not however exhibit any appreciable variation. It was found while growing ragi in 
field experiments detailed in Part I that its PjOb content increased with the increasing 
doses of a phosphatic fertilizer and the reverse was the case with regard to its nitrogen 
content. 

Summary 

1. Two series of pot experiments were started in Pusa calcareous soil with 
basal dressings of potash and phosphoric acid. In one of them increasing doses of 
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nitrogen was supplied as oil cake and in the other as ammonium sulphate. 

In the iormer series two crops were raised, viz. wheat and tagi {Ehusine coracatM), the 

latter crop showing the residual effect of the manures. The cropping results showed 

that the application of 80 lb. of nitrogen per acre as cake met the optimum req[uire, , 

meats of nitrogen of these calcareous soils for wheat, and that the residual effect of 

only 100 lb. of nitrogen per acre persisted tiE the succeeding crop of ragi. 

In the latter series only a crop of wheat was raised which showed that the _ap. 
plication of 60 lb. of nitrogen per acre as ammonium sulphate met the optimum require, 
ments of nitrogen of these calcareous sods. 

•2. A similar series of field experiments with ammonium sulphate in Pusa cal- 
careous soils showed that the application of 40 lb. of nitrogen per acre gave the maxi- 
mum yield of wheat aud thus met the optimum requirements of nitrogen for wheat in 
these soils. ■ 

3. All the cropping results for maximum production in both pot and field ex. 

periuieats were statistically and economically tested and found to be highly significant. _ ^ 

4. An examinatioii of the mechanism of absorption of important food materials 
by the growing crop of wheat from the soil and the applied fertilizers indicated that 
the nitrogen content of the wheat grain showed a marked increase wish the increasing 
doses of the nitrogenous fertilizer and the reverse was the case with PaOs content. 

The result has an important bearing in showing the dangers of nitrogen fertilization 
from the point of view of plant nutxition. The potash content however did not exhibit any '' 
appreciable variation. 
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COMPARATITE STUDIES ON INDIAN SOILS 
in. BASE EXCHANGE PROPEETIES 

By S. Das, S. K. Mokhbbjbb, Abhiswab Sen and B. Viswanath, 
Imperial Agricultural Research Institute, New Delhi 
(.Received for publication on 21 March 1944) 


P ART I of the series dealt with the basis of the proposed climatic and colour divisions 

of Indian soils and Part II with the chemical composition of the soils and its variation r 
in the individual profiles due to different climatic conditions under which the soEs had been 
forme d The present paper deals with the base exchange properties of the soils including 
measuremeutsof the total exchange capacity, individual exchangeable bases, and 
These important soil properties vary in the different climatic zones and also in a given 
profile. It is proposed to study these variations in the light of the composition of the clay 
and on the basis of the climatic effects. The soils were classified oh climatic and colour 
bases as follows : 

Arid ... Prom Mirpurkhas, Miauwalt, LyaEpur, Haripur-Hazara. 

Semi-Arid ... Prom Lahore, Gurdaspur, Tabiji, Makrera, Kharua, Indore, Akola, 
Padegaon, Coimbatore, Koilpatti, Nandayal, Hagari, AnakapaEe, 
Surat, Delhi. 

Humid ... Prom Shahjahanpur, Ranchi, Nagpur, Powarkhera, Labhandi, Ohand- 
khuri, 'Waraseoni, KherLAdhartal, Sam alkot, Berhampur, Chin- 
sura.. : 
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Per*humicl ... Prom Kaagra, Dacca, Rangpur, Jorhat, Karimgaikj, Sylhet, Sirsi, Tali, 
paramba. 

Calcareous ... Prom Pesiiawar, Sakrand, Karachi, Padrauna, Pusa. 

"■ Black ... Prom Hagari, Nandayal, Koilpatti, Padegaoa, Kharua, Indore, Akola, 

Nagpur, Powarkhera, Labhandi, Kheri-Adhaital. 

Brown ... Prom Anakapalle, Samalkot, Surat, Tabiji, Kangra, Ohinsura, Rangpur, 
Sylhet, Delhi. 

Red ... Prom Coimbatore, Taiiparamba, Sirsi, Chandkhuri, 'Waraseoni, Ranchi, 

Dacca, Jorhat. 

Pink & grey... Prom Berhampur, Makrera, Mlrpurkhas, Haripur.Hazara, Mianwali, 
Lyallpur, Lahore, Q-urdaspur, Shahjabanpur, Karimganj. 

As the field observations did not always help in demarcating the horizons of the 
, profile, one foot soil samples from each profile were conveniently collected down to a depth 

^ of 5 ft. This colleo don was made in the months of February and March of 1937. Alto- 
gether 43 such soil profiles were examined from uncultivated lands. As far as possible 

the soil profiles collected represented different areas. The soil properties studied refer to 
individual soil samples only. 

Expbeimental 

The following methods of determination were found satisfactory and finally adopted 
after giving trials to several of the more common methods in vogue. 

Total exchange capacity. By Schollenberger and Dreibelbis' [1930] neutral 

N-ammonium aceiate method ; the amount of NH '4 adsorbed was estimated. 

Exchangeable bases. Na, K and Mg in the a mm onium acetate leachate obtained by 
SchoUenberger’s method, and Oa according to Hissink’s [1923] method. 

Na was calculated by subtracting the amount of K from the sum of Na+E. 
Exchangeable H was not directly estimated. Account was taken of the soluble 
cations. 

was determined by the Biilmann’s [1927] quinhydrone electrode using as re. 
ference Veibel’s solution which is a KOLHOl mixture having a constant 2.03. For 
alkaline soils, the pE, was determined by means of the antimony electrode using the modi- 
fication and formula given by Puri [1932]. 

Discussion 

The results are given in tabular form in the appendix. _ 

Thirby.tbree out of forty.threa soils examined contain free CaOOg, the amount of 
which varies greatly. The highly Calcareous soils occur mostly in the arid and semi. 
,, arid regions, excepting, those from Pusa, which fall in the humid region. It is natural 
that in the humid and per.humid regions the high precipitation will tend to dissolve the 
bases ; in fact, the acid soils occur in these regions. The calcareous soils have generally 
a high base exchange capacity and a higher SiOa/AlaOa ratio than those of the acid soils. 
The pE values are high and above 7.0. In some of the samples, where the OaOOa con- 
tent is small, the reaction is just below 7.0. 

Profiles from Eangra, Shahjahanpur, Jorhat, Karimganj, Sylhet, Dacca, Rangpnr, 
' Ohinsura, Sirsi, and Talipaiamba contain no GaCOs and thejiH is on the aeidio side 
r anging from 4.03 to to 6.93, excepting profiles from Shahjahanpur and Ohinsura in which 
the reaction of the soils is alkaline. In the case of profile from Ranchi the first three 
layers are acidic and contain no OaOOs, but the lower two layers are slightly alkaline and 
contain very smaE amounts of GaOOg. The soils from these profiles excepting those 
from Ohinsura have low b.e.c. (base exchange eapacity) and the SiOg/AlgOg ratios vary 
from 1.80 to k74. , t- - . ' 

Prom the data it is possible to distinguish three groups of profiles ; (1) those m 
which the b.e.c. of the soil gradually increases downwards ■- these include 
the proMes jErom Gurdaspur, Mirpurkhas, Nagpur, Jorhat, Dacca, Surat, Nandayal, 
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Berhamptir, auci Delhi, (2) those ia which the b.e.c. of the soil gradually de- 
creases dowa wards— these include the profiles from Kangra, Karachi, ^Padrauna, KherL 
Adhaital, Powarkhera, Bangpur, Sirei, Padegaon, Coimbatore, Taliparambe, Hagaii, 
Sarualkot, and iiJiaka])Hlle; and (3) those in which the b-e.c. of the soil has a. maximum 
value in some intermediate depths which are usually confined to the third and the 
fourth layers— these include profiles from Haripur.Hazara, Lahore, Shahjahaapur, Banchi, 
Akola, Waraseoni, Labhandi, Chandkhuri, Indore, Kharna, Makrera, Tabiji, Karim ganj, 
Sylhet, Koilpatti and Pusa. There are a few profiles from Peshawar, Lyailpur, Mianwali, 
and CMnsura in which the b.e.c. remains almost constant. The profile from Sakrand 
shows a minimum b.e.c. of the soil at the second and the third foot. 

The variations in the content of clay (given in the appendix) which generally makes 
the highest contribution towards the b.e.c. are almost similar to the b.e.o. in the three 
groups with, however, some exceptions. They are discussed later. Olay is the product 
of weathering or decomposition of rocks and is likely to vary in different profiles duetto -f 

climatic variations or the parent rock. This variation is reflected in the magnitude of the 
b.e.c. of the clay. Thus a montmoriUonitic clay will have a higher b.e.o. than a kaolini. 
tic clay. The b.e.c. of the soil also will vary for the same reason, and in a given profile 
the variations may be due both to the nature and the content of the clay. As the clay 
contents in most cases vary in a manner similar to the b.e.c., it is likely that either 
eluviation or illuviation of the clay has taken place. ' 

Of the exchangeable bases. Oa is the major constituent. The variation of this 
exchangeable cation in the profile is similar to the b.e.c. Mg comes next in amount and 
its percentage is particularly high in the black types of soils. Mg is a constituent of 
the lattice of many clay minerals and its predominance is an indication that the soils contain 
magnesian minerals. "W halever may be the relative distribution of Oa in the entire 
profile, Mg generally shows an increase downwards. The removal of Mg from the com- 
plex by leaching is perhaps less active downwards. It is also to be noted that . the Mg- 
bearing minerals aie mostly located in the semi-arid regions where the chances of the 
removal of Mg would naturally be small. Exchangeable K hardly exceeds 1 m.e. and 
becomes a major constituent in only two soils from Berhampore (Madras) and Chandkhuri 
^Central Provinces). Exchangeable Na, as already pointed out, has been determiued by 
difference. It will naturally include accumulated errors of several measurements. But 
«s it would appear from the data, exchangeable Na is high in some of the saline soils of 
the arid and semi-arid regions and in the black and black cotton soils. Some of the 
latter types of soil contain sodium salts, but the experimental error will obviously 
be high in the case of these soils having high b.e.c. and other exchangeable 
bases. 

Columns 10 and 11 of the table in the appendix give respectively the values of the 
b.e.o. calcidated per lOOgm. of clay and the Si 02 /Ala 03 ratios of the clay fractions, i.. 

In calculating the values of the b.e.c., it has been assumed that it is contributed solely ¥ 

by the clay fraction. The organic matter content being generally small, the assumption 
may be partly justified, but these values are likely to be misleading particularly in cases 
where the percentage of clay is small, so that the contribution of even a small amount 
of organic matter and also of silt might be appreciable. Instances of such cases are the 
soils from Sakraud, Karachi, Padrauna, Jorhat, Tabiji, Bangpur and Pusa. The very 
high values of the calculated b.e.c. of the clays in the profiles from Sakrand, Karachi, Tabiji 
and Bangpur may be due to this. 

According to the variation of the b.6.c. per 100 gm. of clay the profiles may be 
grouped under three heads : (i) (a) , the b.e.c. of the clay gradually decreases downwards 
attaining in some cases a more or less constant value, (b; the b.e.c. decreases sometimee 
abruptly to very low values ; (ii) the b.e.c. increases downwards ; and (iii) the b.e.c. remainf- 
almost unchanged. ^ 

To group (i) (a) belong the profiles from Haripur.Hazara, Qurdaspur, Kangra.. 
Lyailpur, Mirpurkhas,_Shahjahanpur, Tabiji, Dacca, Chinsura, Coimbatore, Hagan, ar.d 
Deliii* Tha alteiation in the b.6*c* is not generally associated with a change in the coiiu 
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position of the clay fraction as Judged from the ratio of SiOa/Al^Os. The higher b.e.c. of 
the top soils and its gradual decrease downwards are perhaps due to the presence of 
organic matter, the content of which generally decreases downwards- 

Profiles from Sylhet, Sirsi, _ Talipar amba, jKoilpatti, Samalkot, and Anakapalle belong 
to group (i) (b). Of these, the soils from the first three are highly acidic, those from the 
other three are alkaline. The influence of organic matter alone does not explain the large 
decrease. In the first three probably a decomposition of the complex takes place, although 
there is nothing in the SiOa/AljjOs ratios to indicate the existence of such processes. The 
low values of the b e.c. particularly in the samples from lower horizons of profiles fiom 
Sylhet, Sirsi, Taliparamba and Anakapalle suggest kaolinisation. A similar process is 
probably responsible for the low b.e.c. of the clay in the profiles from Banchi, Wara. 
seoni and Ohandhkuri. The profiles from Koilpatti, Samalkot and Anakapalle, especially 
the last two which show alkaline reaction, contain only small amounts of CaCOg, showing 
that the ‘reserve’ base status is low, possibly as a result of the solvent action of the percolat. 
ing solutions. 

To group (ii) belong the profiles from Nagpur, Kheri-Adhartal, Indore, Makrera and 
Karimganj. From the available data it is not easy to find a reasonable explanation of 
the observed increase at lower depth. However, an alteration in the mineralogical make-up 
of the complex in the different horizons of the profiles may be responsible for the observed 
variations. 

In profiles from Peshawar, Lahore, Mianwali, Ea.ichi, Akola, "Waraseoni, Labhandi, 
Ohandkhnri, Kharua, Padegaon, Surat, Nandayal, and Berhampur which belong to group 
(iii) the b.e.c. remains almost constant, showing evidently that the composition of the clay 
has not materially changed and the influence of organic matter is almost uniform through, 
out the profile. 

The exchange properties of the soils from the different places and their variations 
down the profile have been discussed above in relation to the chemical and other pro. 
perties of the clay complex. It is interesting to see how the base exchange properties of 
the soils vary in the different climatic zones and according to the colour of the soil. In 
this comparative study the average values of the different determinations have been con. 
veniently used. Sometimes the values within a particular zone or of a soil of a given 
colour show wide divergences, and it may not be justified in such cases to calculate the 
average values. 


! 



Table I 

Total base exchange capacity in m. e. per 100 gm. of soil or day {on dimatio basis) 


Depth 

Arid 

Semi-arid 

Humid 

Per-humid 

Calcareous 

Soil 

Clay 

■ 

Soil 

Clay 

Soil 

Clay 

Soil 

Ciay 

Soil ; 

Clay 

1st 

ft. 

9.3 

61,2 

34.0 

91.7 

26.9 

71.2 

9.5 

61.2 

9.5 

109.6 

2nd 


10.7 

59.1 

37.5 i 

92.8 

25.6 

57.3 

10.0 

41.7 

7.8 

102.8 

3rd 


10.9 

53.1 

35.5 

81.1 

26.7 

59.3 

10.6 

39.4 

6.6 

. 84.4 

4th 


11.4 

45.9 

34.1 f 

80.1 

27.8 

65.1 

9.9 

33.0 

6.8 

92.8 

5th 

ff \ 

10.9 

45.4 

i 

32.4 f 

81,7 

26.5 

60.7 

9.3 I 

38.6 

8.1 

114,7 
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Table II 

Total base exchange capacity in m. e. per lOO gm. of soil or clay (on colour basis) 


Depth 

Black 

Brown 

Red 

Pink and grey 


Soil 


Clay 

Soil 

1 Clay 

Soil 

Clay 

SoU ! 
1 1 

[ 

Clay 

1st ft 1 

45.2 


77.5 

20.2 

102.8 

11.9 

1 

45.6 

j 

8.6 

57.0 

2ad , 1 

45.8 


76.0 

17.4 

69.2 

13.7 

40.0 


10.9 

56.9 

Srd n 

45.6 


73.3 

18.1 

64,5 

12.3 

34.6 


12.0 

53.8 

' 4th' n 

41.9 


70.8 

20.4 

64.1 

12.2 

• 36.0 


n.8 

50.6 

Sth' n 

\ 

1 38.3 

1 ' 


65.6 

19.0 

67.2 

107 1 

38.8 


1.1 

49.6 


Tables I aad II give respectively tie average values of the b.e.c. of the soil and the 
clay isolated from it in the different climatic zones and their variatiOBS according to the 
colour of the soil. The values for both the soil and the clay decrease in the various zones 
in the order : semi. arid > hmnid> arid> p.?rhumid; and according to colour the same values 
decrease in the order: bro-wn> black > pink and grey> red. The average b.e.c.’s of the soils 
down the profile do not show much variation, although, while considering the individual 
profiles, appreciable variations were coticed. There is, however, a general tendency of 
the b. e, c. of the clays to decrease, as also observed previously. 

Table HI 

SoU reaction, exchangeable bases and base exchange capacity of soils 


Soil group 

Per- 

hnmid 

Humid 

Semi- 

arid 

Arid 

Red 

Pink 

and 

grey 

Brown 

Black 

Calcare- 

ous 

pn 

5.21 

6.84 

7.72 

7,35 

5.66 

7.20 

6*72 

7.67 

7.54 

Exchange capacity 
Exchangeable 
calcinm 

Total exchangeable 

9.5 

26.9 

34.0 

9.3 

11.9 

8.6 

20*2 

1 48.5 

9.5 

1 3.17 

i 

18,67 

25.79 

5.96 

5.73 

5.63 

13.93 

38.40 

6.10 

bases 

I 5.48 ■ 

25.36 

■ 

34.72 

9.55 

9.75 

8.57 

19.10 

48.20 

7.36 


Table III gives the average values of the ^HT, exchangeable Ca, total exchangeable 
bases and the b.e.c. of the surface soils tabulated on both climatic and colour bases. 
A regular variation is not observed, but, in general, the soils from semi-arid and arid 
zones and those having black and pink or grey colour have alkaline reaction, whereas 
those from humid and per-humid zones and those having red and brown colours are 
acidic, the acidity being pronounced in the case of per-humid and red soils. Exchange, 
able Ga is, according to expectation, relatively large in the soils having high pH and 
small in those of low P'S., A sirnilar variation is observed in the case of the total ex. 
changeable bases, the soils of arid and semi-arid regions and those having black and 
pink or grey colour and a high pS being completely base-saturated. 




Exchangeable 

base 
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Table IV 

Percentage exchangeable bates in terms of the base exchange capacity 


arTd* **““‘*‘* hu^fd Calcareous Black Brown j Red 



The relative percentages of the exchangeahle bases in the soils of tne different 
cliaiatic zones and those having different colours are shown in Table IV. Exchangeable Ca 
constitutes the largest proportion in all the zones excepting those from the per-humid 
region and the red soils. Exchangeable Mg is low in the soils of the per.humid zone and 
the red soils compared with those of the remaining zones excepting, however, the 
calcareous soils, where exchangeable Mg has the lowest value. Exchangeable K varies 
from 1.6 to 5.3 per cent and exchangeable N a which has been calculated by difference is 
relatively high especially in the arid soils and in red and pink or grey soils. 

Summary 

Soil profiles, 43 in number, collected from all over India have been examined with 
regard to the pR and the contents of the exchangeable bases, base exchange capacity of 
the soil samples and the variation of these properties with deptL According to the variation 
of the base exchange capacity of the soil and of the clay, three groups of soil profiles have 
bee a distinguished. The variations in these three groups have been discussed in the 
light of the possible nature of the clay mineral and its content. ^Exchangeable Oa con- 
stitu .es the major element, then comes Mg, followed by Na and K in order* Mg is partL 
cularly high in black and black cotton types of soils and Na in saline soils. Thirty, 
three out of forty- three soil profiles contain G&CO^ and these soils have alkaline reaction* 
The rest are acidic. The calcareous soils have generally a high base exchange capacity, 
whereas the acidic soils possess a low b.e.c. 

The soil profiles which naturally fall in different climatic and colour divisions are 
also distinguished by their base exchange properties. 
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Appendix 

Exchangeable bases, pH, etc. of soils 


M. E. Exchangeable bases pei 
100 gm. of soil 


B. E. C. 
per 100 

Total 

ex. cap. ^ 


Mifpmkhas — Sind 



f 16.24 

9.86 

7.34 

6.25 

3.09 

0.27 

1.70 

8.17 

50 

1--2 

18 . 43 ' 

9.43 

7.48 

5.50 

3.25 

0.39 

1.24 

8.14 

44 

2—3 

' 27.32 

8.25 

7,63 

8.30 

4.45 

0.24 

1.30 

11.64 

42 

3—4 

: 38.68 

6.35 

1 7.64 

9.67 

5.17 

0.38 

2.00 

13.79 

35 

4 — S : 

! 40.10 

5.77 

i 7.81 

9.20 

5.36 

0.14 

1.83 

14.07 

35 


Mianwali — Punjab 


0—1 

r 13.58 

6.36 

7.31 

3.10 

0.87 

0.78 

0.47 

5.56 

41 

1—2 

12.94 

4.80 

7.51 

5.30 

0.76 

1.00 

2.00 

7.43 

57 

2—3 

12.13 

6.48 

7.67 

4.72 

0.58 

1.05 

0.85 

6.43 

63 

3—4 

11.71 

10.55 

7.91 

3.95 

0.47 

0.65 

1.44 

1 4.86 

41 

4—5 

7.24 

0.55 

7.94 

2.40 

0.62 

0.67 

1.48 

: 5.30 

73 


Lyallpur -^Punjab 


0-1 

9.89 

0.66 

7.59 

5.55 

0.16 

0,32 

0.50 

7.10 

72 

1 — 2 ' 

12.40 

1.15 

7.10 

6.60 

0.14 

0.59 

0,96 

8.40 

64 

2-3 

11.92 

0.30 

6.56 

5.05 

0.15 

0.59 

1.30 

7.60 

63 

3 "*“— i 

13.84 

0.90 

6.46 

5.95 

0.16 

0.52 

1 0.70 

8.55 

61 

4-5 

12.59 

0.29 

6,35 

5.40 

0.17 

0.55 

1.10 

7.50 

59 


Haripur^Hamra-— Punjab 


0—1 

21.10 

8.68 

7 . 14 , 

8.95 

1.73 

0.22 

4.26 

15.37 

73 

1—2 

28,80 

5,06 

7.16 

9.40 

3.05 

0.19 

2,53 

18,90 

65 

2—3 

30.48 

4.77 

7,04 

12.50 

1.18 

0.22 

4.06 

17.80 

56 

3—4 

35.21 

2,63 

7.03 

8.72 

1.03 

0.67 

7.91 

18.40 

52 

4—5 

36.10 

3.70 

7.15 

10.60 

1.88 

0.66 

4.30 

16.70 

46 


Semi-afid 


Lahore — Punjab 


0—1 

17.66 

1.92 

8.21 

7.70 

0.20 

0.50 

0.80 

9.90 

56 1 

1—2 

21.80 

1.44 

7.66 

8.55 

0.34 

0,45 

0.53 

12.30 

56 

2 — 3 ' : 

26.86 

1.12 

7.52 

9.25 

0.18 

0.71 

' — . 

14.50 

53 

3-4 

24.30 

1 . 92 '' 

8.07 

1 8.70 

0.17 

0.44 


12.55 

51 

4—5 J 

19.14 

4.71 1 

8.12 

9.20 

0.06 

0,43 


1 9.95 

52 


Gufdaspur^-^Punjah 


0—1 

1 L 58 

1.23 

7.88 

5.45 

0.03 

0.34 

0.76 

7.05 

60 

1 - 2 .' ■ 

20.65 

0.38 

7.38 

8.10 

0.25 

0.35 

1.11 

9.90 

47 

2 ^ 3 . ' 

23.88 

0.17 

7.11 

9.15 

0.38 

0.32 

1.40 

11.50 

48 

3—4 ■ , 

24.01 

1 . 0 . 35 ^' 

7.05 

8,20 

0.63 

0.19 

1.18 

10.90 

1 ' 45 

4—5 

24.74 

1 0,13 

7.13 

7.45 

0.53 

0.23 

1.28 

10.75 

43 


Ahola^C, 


57,74 

10.00 

7.91 

36.95 

11.02 

0.92 

3.10 

49.70 

86 

60.48 

7.66 

8.39 

36.54 

13.61 


1.61 

50.03 

82 

62,44 

8.40 

8.47 

33.29 

13.29 

0.91 

5.70 

53.70 

86 

64,14 

8.80 

8.57 

30.40 

13.84 

1 0.90 

5.81 

! 52.60 

82 

64.38 

11.70 

8.57 

25.39 

13.40 

0.98 

6.89 

52.00 

80 
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Appendix 

Exchangeable bases, pH, etc. of soils— coni 


241 


ill] 




t* 






Smi-and 


0-1 

1—2 

2— 3 

3— 4 

4— 5 


0-1 

1—2 

2- 3 

3- 4 

4- 5 


0—1 

1—2 

2- 3 

3- 4 

4- 5 


0-1 
1—2 
2—3 
3 —4 
4-5 


0—1 
' 1-2 

2- 3 

3- 4 

4- 5 


0-1 
• 1—2 ' 
2—3 
'3-3| 
3i-4|' 


0-1 
: 1 - 2 , 
2— 3J 


0-1 
1—2 
2—3 
:,'3— 4 
4-5 


65.40 

4.70 1 

7.78 

66.00 

2.50 

7.8! 

64.50 

0.93 

7.53 

61.30 

1,30 

7.41 

47.30 

2.57 

7.67 

52.70 i 

2.98 

7.51 

52.78 

6.00 

7.45 

54.84 

6.64 

7.38 

53.11 

6.16 

7.60 

44.32 

5.68 

7.63 

8,36 

1.85 

6.65 

13.67 

0.21 

6.75 

15.61 

0.16 

6.80 

14.79 

17.70 

6.98 

8,16 

14.66 

7,00 

5.04 

1.03 

: 7.15 

6.05 

2.22 

1 6.85 

6.86 

1.64 

1 7.57 

9.30 

1 2.90 

7.86 

3.21 

1 LI3 

1 8.43 

74.75 

9.80 

7,97 

76.13 

7.00 

8.19 

76.92 

8.20 

8.03 

70.00 

7.70 

7.98 

74,29 

9.80 

7.65 

47.10 

1.25 

7.17 

43.00 

0.41 

7.21 

43.10 

0.57 

7.22 

40,30 

0,62 

7.14 

43.00 

0.57 

7.09 


Indore^C^ J. 

7.09 
7.19 
Q 9Q 

37.96 j 9M 
38.26 I 12.43 


44.60 

42.80 

39.02 


i 


0.75 

0.80 

0,39 

0.91 

0.50 


1.31 

2.07 

2.27 

2,90 

1.04 


48.57 

50.71 
53.14 
52.00 

49.71 


74 

76 

82 

84 

105 


41.19 

44.36 

42.75 

43.04 

34.16 


Kharua — C, I* 

1.90 
1,92 
2.27 
2.37 
2.06 


Makrera^Ajmer^Merwara 


4.60 

1.55 

0.62 

6.61 

2.04 

0.57 

11.05 

2.66 

0.54 

10.94 

2.84 

0.29 

8.14 

2.59 

0.85 


2.20 

0.42 

1.51 

3.24 


9.79 

10.86 

13-14 

13.36 

10.71 


I 117 
79 
84 
90 
131 


Ta biji-^Ajmer^Merwara 


3.00 

3.75 

2.30 

2.45 

0.25 


Fadigmn^Bomhay 


48.00 

44.56 

41,59 

40.30 

30.41 


15,22 

15,14 

15.43 

15.68 

12.95 


1.16 

1.17 

1.53 

0.96 

0.35 


Sumi--Bomhay 


40.82 

41.82 

43.52 

41.52 
42.71 


8.27 

7.45 

9.13 

9.53 

9.93 


0.53 

0.45 

0.50 

0.62 

0.46 


Coimbatore — Madras 


31.67 

37.26 

38.74 

26.95 


62.90 

64.98 

72.52 

71.14 

71.69 


1.05 

0.97 

19.00 

19.40 


2.48 

1.92 

3.73 

4.13 

3.87 


7.05 

6.80 

7.18 

7.03 


8.05 

8.11 

7.30 

7.14 

7.15 


21.4 

17.1 

17.3 

10.7 


6.0 

6.7 
3.9 

4.7 


0.61 

0.57 

0.35 

0.22 


KoilpaUi--Madras 


44.0 

14,6 

0.64 

43.9 

12.8 

0.59 

46.7 

10.6 

0.48 

35.7 

13.5 

0.37 

! 18,5 

17,3 

0.14 


5.42 

4.51 

8,37 

6.74 

12.14 


1.76 

2,07 

0.53 

0.49 

0.65 


3.8 

6.4 

5.4 

5.5 


0.4 

5.0 

2.0 

3-6 

6.0 


67.4 

60.3 

59.8 
53.2 

36.9 


91 

92 
82 
74 
51 




CaCOg 

percent- 

age 



M. E. Exchangeable bases per 
100 gm. of soil 


B.E.C. 
perl 00 
gm. 

SiO, 

Depth 

Clay per- 






Al,0 

in ft. 

centage 

Ca 

Mg j K - 

Na 

Total ex. , 
cap* 1 

clay 


0.78 

1,26 

45.00 

85 

0.64 

2.04 

50.71 

96 

0.78 

2.41 

49.00 

89 

0.67 

2.05 1 

49.50 

93 

0.55 i 

2.29 j 

40.50 

90 


1.10 


1.96 

6.28 

124 

0^84 

0.49 

1.72 

6.36 

105 

1.74 

0.29 

1.22 

6.78 

98 

2,54 

0.36 

1.38 

7.11 I 

76 

2*89 

0.55 

0.41 

3.16 1 

98 


67.14 

89 f 

68.00 

89 

66.86 

86 1 

59.21 

84 j 

60.00 

80 1 

48.56 

103 

53.64 

121 

53.07 

123 

53.70 

133 

54.14 

126 

1 32.3 

102 

34.4 

92 

27.0 

69 

21.1 

78 


3.16 

3.97 

ZA^ 

Z.2J 

3.3k 


3.63 

3.65 

3.56 

3.57 
3.39 


3.00 

2.86 

3.07 

2.77 

2.89 


2.81 

2.49 

2.70 

2.93 

2.92 


4 . 37 ^ 

4.29 

4.65 

4.80 

4.45 


3,13 
3.69 
3,65 
.. 3.45 
3.88 


2.10 

3.01 

2.86 

3.33 


3.83 

3.88 

3,87 

4,05 

4.24 
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Exchangeable, bases, pff, etc. of soils — cont. 


m ft. ceatage ** 


Semi*arid 



M. E. Exchangeable bases per 
100 gm. of soil 


B.E.C. 
per 100 

SIO, 

Ca 

Mg K Na 

Total ex. ' 

j gia- 
j clay 

Al.O.” 


i cap. 1 i 

i 



Hagari -^M&dms 


0—1 

. 43.95 

7.10 

8.75 

37.6 

8.9 

0.33 

2.9 

51.5 

117 

1—2 

■ 52.79 

9.30 

8 60 

36.2 

9.6 

0.27 

4.5 

5L2 

97 

2-3 

59.06 

7.76 

8.01 

32.1 

9.6 

0.25 

7.1 

49.7 

84 

3-4 

54.89 

5.43 

1 7.95 

28.3 

10.9 

0.23 

6.5 

48.5 

88 

4-5 

■ 52.21 

0.70 

1 8.49 

25.5 

11.8 

0.29 

8.2 

47.9 

91 


Nandayal — Madras 


0-1 

57.29 

3.94 

8.47 

31.6 

10.9 

0.46 

6.1 

50.0 

87 

1—2 

61.45 

2.80 

8.58 

28.5 

12.7 

0.40 

9.4 

51.1 

83 

2-3 

64.55 

3.40 

8.71 

25.4 

15.9 

0.31 

11.5 

55.1 

85 

3—4 ■ 

i 65.94 

4.47 

9.16 

22.4 • 

18.3 

0.29 

13.6 

56,1 

85 

4—5 

i 66.40 

4.78 

i 9.15 

20.1 

20.3 

0.26 

16.7 

58.3 

87 


A nahapadh— -Madras 


0-1 

9.48 

0.09 

7.91 

12.4 

4.4 

0.38 

0.5 

17.1 

180 

1—2 

17.06 

0.28 

7.63 

7.6 

2,9 

0.60 

0.3 

10.3 

60 

2—3 

24.10 

0,18 

7.89 

2.4 

la 

0.27 

0.4 

4.2 

17 

3-4 

27.71 

’ 0,08 

8.17 

3.1 

1.4 

0.28 

0.3 

4.3 

15 

4—5 

26.28 

0.15 

7.93 

2,1 

1.0 

0.05 

0.1 

2.9 

11 


0—1 

10.33 

1.03 

7.30 

7.60 

2.13 

0.34 

0.02 

9.30 

90 

1—2 

18.45 

0.27 

7.01 

8.65 

1.38 

0.32 

0.19 

12.70 

68 

2—3 

24.04 

0.13 

6.98 

10.65 

1.80 

0,44 

0.68 

15.55 

64 

3-4 

24.27 

0.42 

7.16 

13.40 

2.58 

0.35 

0.25 

16.60 

68 

4-5 

22,86 

0.71 

7.41 

12.20 

2.26 

0.40 

0.28 

16.90 

73 


Shahjahanpuf---U . P. 


0— I 

18.58 

— 

8.00 

4.25 

0.03 

0.15 

0.76 

7.80 

42 

1—2 

20.40 

— 

7.68 

7.30 

0.27 

0.24 

0.90 

12.20 

59 

2—3 

24,70 

■ ■■ — 

7.33 

7.26 

0.43 

0.32 

1.00 

12.55 

50 

. 3 -^ 

25.14 

— , 

7.27 

7.41 

0.13 

0.36 

' 1.31 

11.85 

47 

4—5 

21.06 

— 

7.21 

6.40 

0.22 

0.29 

1 0.91 i 

8.85 

42 


Ranchi-- 


Magpur^C^ P. 


0—1 

59.55 

2.73 

7.31 

1-2 

63,11 

0.74 

7.51 

2-3 

66.32 

0.74 

7.38 

3—4 ' ; 

65.71 

0.61 

7,64 

4—5 1 

64.46 

5.45 

8.04 


Waraseoni P, 


0- 

-1 

21.67 

0.23 

6.46 

" 5.44--^ 

1.26 

1- 

-2., 

40.35 

0.07 

6.95 

9.14 

1.46 

,::2-. 

-3 

40.83 

0.25 

7.95 

10.32 

2.01 

3 - 

-4 

34.40 

0.39 

7.56 "i 

6.59 

1.51 

, ,4— 5 ''.J 

22.18 

0.24 

L 7.09 . ' 

3.84 

1.46 


» 
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Depth 
ia ft. 


Humid 


Clay per- I 


pn 


M, E, Exchangeable bases per 
100 gm. of soil 


Ca 


Mg 


K 


Na 


I Total ex. 
I cap. 


B.E.C. 
per 100 
■gm. 
clay 


Lahhandi — C. P, 


SiO, 

AlA 


0—1 

60.07 

0.13 

6.41 

■ 31,84 1 

7.90 

0.50 

i 1.62 1 

40.71 ' 

1 , 67 

..1-2 

■62.47 

0.03 

6,47 

30.64 ! 

8.20 

0.59 ! 

1.40 

39.43 i 

i 63 

2—3 , 

61.14 

0.03 

6.68 

29.83 1 

8.20 

0.82 i 

2.23 

43.43 ^ 

1 71 ■ 

3—4 

61.59 

0.08 

7.68 

30,28 

10.77 ! 

0.82 1 

1.45 

42.14 

68 

4—5 j 

60,61 

0.13 

7.75 

28.43 

7,59 1 

; 0.45 i 

1.26 

37.43 i 

61 


2.75 

2.65 

■2.81 

S.11 

3.00 


Chandhhun -^‘ C > P. 


0—5 In. 
5-16 „ 
16-28 „ 
28-40 „ 
40-52 „ 
52—60 „ 


18,12 

I 0.40 

7.16 

2.50 

0.77 

2.88 

0.33 

6.85 


48,33 

0.16 

6.54 

6.09 

3.32 

4.74 

1.64 

• 16.64 

34 

36.36 

0.30 

6.68 

6.21 

1.90 

2.38 

1,35 

12.07 

29 

31.66 

1 0.20 

■ 7.30 1 

6.68 1 

1.54 1 

1.89 i 

0*10 ■ 

I 9.93 

31 

38.65 

0.16 

6.87 I 

8.16 1 

2.60 

1.95 

0.80 

1 14,28 j 

[ 38 

34.08 

0.23 

6.64 i 

7.28 i 

2.24 1 

1 2.21 i 

1.38 

1 13.64 1 

1 40 


'■ 2.23 
2.06 
2.0 
2.07 
3.80 
2.0 


Khen-Adhartal^C. P, 


0—1 

49.35 

0.45 

7,51 

34,92 

5.41 i 

0.58 

1 1,06 I 

38,72 

1 78 1 

1-2 

51.01 

0.33 

7,40 

t 35.07 

6.67 

0.53 

• 0.74 

39.40 

i 77 

2--3 

42.35 

2.99 

7 AO 

33.63 

7.31 

0.51 

0.86 1 

37.65 

j 88 

3—4 

31.86 

3.56 

7.45 

27.72 

6.95 

0.43 I 

1.16 1 

32.04 

i 100 

4—5 

24.10 

2.41 

7.31 

25.37 

5.95 

0.43 1 

1,46 I 

27.50 

1 IH 


0—1 

1—2 

2— 3 

3— 4 

4— S 


57.50 

52.28 

59.69 

51.98 

62.24 


PowafUMm ’^ C . P, 


0.60 

6.68 

40.78 

5.34 

0.93 

1.81 

1 48.86 

85 

0.77 

6.99 

40.78 

5.32 

0.94 

0.94 

j 46.71 

89 

0.43 

7.17 

38.13 

5.26 

0.79 

1.56 

i 45.57' 

76 

0.57 

7.23 i 

35.83 

4.30 1 

0.79 1 

[■ ,2.20 

1, 44A3. 

35 

0.84 1 

7.46 I 

36.07 

4.16 1 

0,82 i 

2.38 

' 44.00 I 

70 


2.06 

2.47 

3.13 

3.41 

3.30 


3.13 

2.99 

3.28 

3.29 
3.19 


0-1 

1—2 

2- 3 

3- 4 

4- 5' 


Chinsum-^Bengal 


50.6 li 

: 

1 ■ 6.39 

23.80 

8.11 

1 1.20 

1 : i.n ■ 

35.64 ! 70 1 

53.72 

■r.. . 

r 7.31 

25.35 

5.51 

1 1.02 

j 2.01 

34.80 1 64 

55.85 

■ .. .. : 

1 7.70 1 

24.85 

6.07 

[ 1.38 ! 

2.06 i 

33.93 i 60 

58.47 

■ , 

1 ' 7.79 

24.15 

6.04 

0.67 i 

I 3.09 

36.21 I 61 

62,47 


1 7J4 1 

28.80 

5.11 

1,07 1 

1 1.15 ^ 

35.57 1 56 1 


2M 

2.75 

2.91 

3.14 

2.96 


Sumalhoi—Madrm 


0-1 

24.88 

0.50 

1 7.06 

23.1 

9.2 

0.45 

'■'■0.4 '1 

32,8 

1 131, ,' 

1-2 

36,62 

0.59 

8.52 

^ 7.1 

2.8 

0.15 

— i 

9.2 

■ ■25^ 

2—3, , j 

36.18 

0.51 

8.78 

8.7 

3.4 

0.2$ 

— 

11.5 

!■ ' ■ 


B efhampur— -Madras 


0—1 

12.84 

0.06 

6.05 

2.92 

0.92 

0.33 

0.85 

4.29 

33 

1—2 

21.79 


6.12 

5.02 

1,74 

1.00 

0.28 

8.00 

36 

,:2— 3 "■ ■' 

29.86 

0.10 

6.93 

6.62 

2.38 

2.20 

0.56 

12.00 

40 


30.45 

0,07 

■„":"."7.0S ■''. 

8.67 

2.20 

2.78 

j 0.92 

14,30 ; 

46 

:4— 5''. " 

4L21 

0.17 : 

7.13 

UM 

3.00 ! 

3.23 

1-1.62 , j 

16.30 j 

39 


3.40 

3.34 

3.16 


3.99 

3.14 

3,24 

3.05 

.^■.'SiOs: 
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Depth 

in It. 


Clay pet* 
ceiitage 


CaCO, 

perceat- 

age 


M. E. Exchaageable bases pet 

100 gm. of soil 


B.E.C. _ 
per 100 
sza. 
clay 


Per^humid 


Kangra—Punjah 


0—1 

1—2 

2— 3 

3— 4 

4— S 


0-^-1 

2— 3 

3— 4 

4— 5 


0-1 

1—2 

2— 3 

3— 4 

4— 5 


0-1 

1-2 

2— 3 

3— 4 

4— 5 


0-1 

1-2 

2— 3 

3— 4 

4— 5 


0-1 
: 1-2 
;,2— 3 

3- 4 

4— 5 


11.55 

13J5 

13.53 

11.51 

12.38 


6.80 

8.98 

10.74 

9.78 

6.00 


20.95 

19.97 

20.99 

16.04 

14.02 


11.69 

32.80 

48.06 

SIM 

54.83 


19.93 

39.55 

46,47 

44.96 

45.82 


6.41 

6.08 

0.59 

1.83 

0.90 


6.93 

6.77 

6.77 

6.81 

6.38 


4.26 

4.10 

4.05 

4.03 

4.10 


5.81 

5.88 

5.80 

5.91 

6,22 


4.84 

4.45 

4.17 

3.94 

4.14 


5.69 

4.64 

4.74 

4.94 

5.24 


5.69 

5.83 

5.96 

5.97 i 
6.06 J 


10,25 

9.25 

6.55 

6.80 

6.05 


0.06 

0.06 

0.39 

0.23 


0.35 

0.28 

0.22 

0.35 

0.18 


0.82 

0.46 

0.50 

0.64 

0.47 


12.80 

11.95 

8.90 

9.10 

8.40 


Jorhai— Assam 


0.05 i 

0.44 

0.10 

0.66 

0.63 

0.86 

0.32 

0.23 

0.2S 

0.26 

0.21 

2.45 

0.48 

0.23 

0.48 

0.31 

4.85 

7.00 

6.30 

7.14 

7.46 

Karimganj^^Assam 



4.55 

5.40 

5.90 

4.85 

4.85 

4.46 

5,23 

4.75 

4.00 

3.98 

0.16 

048 

0.28 

0.28 

0.25 

0.94 

0.65 

1.05 

0.80 

0.92 

10.96 

12.61 

13.25 

9.86 

1 11.04 

Sylhtt— Assam 



1.90 

2,07 

1.90 

1 0.42 

1,05 
0.76 
0.82 
0.83 

0.23 

0.24 

0.40 

0.53 

0.59 

0.26 

0.18 

0.57 

0.52 

0.74 

9.14 

14.68 

26.67 

15.43 

11.71 


DaccaSengal 


3.10 

2.08 

2.58 

3:45 

3.95 


1.01 

0.83 

1.91 

2.25 

2.60 


0.34 

0.39 

0-50 

0.36 

0.30 


Rangpuf-^Bmgal 


2.52 

0.48 


0.85 0‘65 

0.08 0.70 

0.42 0.36 

Having 96 per cent 
for exchangeable bases 


1.04 

0.82 

0,21 

0.49 

0.70 


1.03 

0.55 

0.16 


7.75 

10.18 

12.75 

13.95 

12.15 


10.43 

2,71 

2.21 


SiO# 



110 

86 

65 

79 

67 


71 

77 

58 

73 

124 


62 

63 

63 

61 

78 


78 

45 

55 

19 

21 


38 

25 
27 
31 

26 


162 

53 

374 


coarse sands, soils were not examined 


2.58 

2.60 

2.69 

2.48 

2.27 


2.12 

1.97 

2.03 

2.00 

1.80 


2.27 

2.30 

2.31 
2.31 
2.31 


2.05 

1.97 

2.25 

2.08 

2.19 


2.32 

2.29 

2.27 

2.38 

2.43 


1.37 

1.97 

3.04 

1.44 

1.39 


Sirsi-^Bmhay 



I 
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Exchangeable bases, pH, etc. of soils — conoid. 


Bepth 
in ft. 


Clay per- 
centage 


CaCOg 

percent- 

age 


pH 


M. E. Exchangeable bases per 
100 gm. of soil 


Ca 


Mg 


K 


Na 


Per^humid 


Taliparamba^Madras 


0-1 

1—2 

2- 3 

3- 4 

4- 5 


29,50 

49.49 

45.99 

46.86 

36.97 


Calcareous 


0—1 

1-2 

2—3 

3 

4—5 


0-1 

1—2 

2- 3 

3- 4 

4- 5 


0-1 

1—2 

2- 3 

3- 4 

4- 5 


0-1 

1—2 

2— 3 

3— 4 

4— 5 


0-1 

1—2 

2- 3 

3- 4 

4- 5 


11.90 

11.87 

13.99 

12.34 

15.42 


9.37 

5.11 

5.89 

10.10 

4.82 


18,20 

19.50 

18.80 

17.93 

19.50 


11.90 

10.93 

8.40 

11.10 

11.50 


4.66 

4.45 

4.37 

4.33 

4.16 


7.90 

8.37 

8.35 

8.94 

8.57 


7.69 

7.80 

7.23 

7.24 
7.27 


1.7 

1.2 

0.9 

0.5 

0.6 


1.1 

1.0 

0.9 

0.5 

0.4 


0.17 

0.13 

0.17 

0.12 

0.19 


Peshawar — N. W.F,P, 


4.65 

5.80 

5.25 

5.60 

5.70 


0.19 

0.55 

0.52 

0.20 

0.61 


Sakrand^Sind 


6.50 

5.55 

6.66 

8.85 

8.93 


0.53 

0,35 

0.43 

1.27 

1.63 


i 


0.14 

0.18 

0.19 

0.24 

0,23 


0.53 

0.22 

0.18 

0.91 

1.48 


Karachi-Sind 


6.57 

22.45 

7.14 

10.35 

0.62 

0.66 

6.25 

24.27 

7.73 

9.50 

0.74 

0.47 

6.86 

25.80 

7.52 

3.75 

0.40 

0.52 

6.78 

19.00 

7.32 

3.60 

0.25 

0.52 

6.06 

23.00 

7.40 I 

16.05 

0.69 

' 0.72 


Padrauna — U* P. 


9.78 

7,00 

6.48 

3.36 

3.20 


5.62 

7.65 

5,83 

4.22 

5.82 


37.40 

49.00 

51.75 
52.50 

55.75 


35.99 

39.66 
40.53 

44.67 
47.86 


7.69 

7.88 

7,93 

7.96 

7.83 


7.28 

7.44 
7,21 
7.28 

7.45 


0.4 


0.10 

0.35 

0.90 

0.70 

0.87 


1.06 

1.07 

1.66 

0.20 

2.53 


7.30 

0.84 

0.08 

' 0,14 

5.53 

0,32 

0.08 

0.64 

1.40 

0.23 

— 


1.50 i 

0.31 

— 

0.14 

1.10 1 

0.41 1 

— 

— 

Pusa — Bihar 



1.70 

1.01 

0.23 

0.15 

3.35 

2.34 

0.20 

O.OS 

2,15 

1.65 

0,24 

0.23 

2.40 

2.06 

0.06 

0.56 

2.05 

2.29 

0.10 

0,47 



: B.E.C.' 
per 100 
! giB. 

clay 

SiO, 

Al.O. 

Total ex. 
cap. 

9.2 

31 

■ 1.64 

8.2 

16 

■ 1.74 

6.7 

14 

:• 1.74 

6.1 

13 

I 1.86 

5.2 

14 

1 1.81 

6.85 

58 

2,62 

6.80 

59 

2.72 

7,10 

60 

2.98 

6.90 

65 

2.88 

6.80 

^ 44 

2.49 

9.35 

100 

2.61 

7,25 

141 

2.58 

7.60 

129 

2.52 

10.45 

103 

3.00 

10.10 

209 

2.40 

17.90 

292 

3.S3 

14.30 

228 

3.40 

11.00 

160 

3.42 

10.70 

154 

3.68 

18.10 

298 

3.52 

10.05 1 

102 

3.21 

5.35 

76 

3.55 

2.51 

38 

3,48 

2.70 

80 

3.40 

2.28 

56 

3.77 

3.23 

57 

2.55 

5.25 

68 

2.90 

4.75 

81 

2.93 

3.38 

80 

4.01 

3.20 

54 

3,53 



COMPAEATIVE STUDIES ON INDIAN SOILS 

IV. MECHANICAL ANALYSIS OP SOIL PBOPILES 

By Abhiswae Sen, A. 0. UKir., 8. K. Mukheejbe and B. Viswanatit, 

Imperial Agricultural Eesearch Institute, New Delhi 

(Heceived for publication on ^rMarch 194-1) 

(With two test-figures) 

M ajority of Indian soils are believed to be of transported In arid regions, 

wbere rivers, controlled by specific geogra-pbical conditions, have long ceased to have 
any influence, wind continues to play an active part in transporting and letransporting soil 
from one legion to another* Thus the present day Rajputana, ^wbich was once a fertile 
portion of Indus valley is now a tract of barren sand and salt which are still being carried 
by the strong western wind from the Rann of Cutch [Blanford, 1876 ; HoUand, 1908; Holland 
and Christie, 1909; iiid La Touche, 1911]. The great north Indian alluvial mantle 
subjected at various regions to different climatic conditions had been derived from the 
Himalayan system by sedimentation from the great rivers Indus, Ganges and Brahmaputra* 
The type of soil building through transport of mud and silt^ from the plains of the United 
Provinces to the lower regions of Bengal is still going on [Vijayaraghavacharia, 1939]. Even 
the eldest tract of India, the Deccan lands are not exempt from this process. For centuries 
the soils had been carried far and wide by wind and rains from where they had been 
formed so much so that the nature of the parent rnaterial of most of the soils remain 
untraced even today except in certain sporadic cases. 

Soils of India thus being mostly of a transported nature, depth distribution of clay 
in the profile is of not much use for the interpretation of profile development and the result- 
ing profile morphology. The relative proportions of groups of different particle sizes 
namely clay, silt and sand are however useful in classifying the various soils and their 
profiles on a textural basis. 

The object of mechanical analysis of soils is to obtain information on particle size 
and to visulize the probable field behaviour of the soil. During the present work, 
mechanical analysis of several virgin soils from different parts of India were carried up to 
a depth of 5 ft. The object was to make an attempt to classify Indian soils on textural 
basis, to study aggregation of clay under different climatic conditions, to study distribution 
of clay or its movement, if any, along the profile md to draw some general conclusions 
about the effect of different agencies on the mechanical composition of the soils of India. 

Methods OF ANALYSIS 

The mechanical anslysis of the soils were done by Puri’s [1929] NaCl dispersion 
method. The dispersion was secured by treatment with NaOi to convert the clay into 
sodium saturated condition and the grading of the particles was done by the pipette 
method. - 

For determination of water stable aggregates 16 gm. of soil were boiled with 150 c.c. 
of water for 15 minutes and the mixt are was shaken in an end over end shaker for six 
hours* Total volume of the soil water suspension was then made up to 1,500 c.o. and the 
grading was done by the pipette method. In this case, only clay fraction was pipetted 
as the most active participant in the soil aggregation is clay. The difference between 
total clay as determined by the NaCl dispersion method and that determined by the 
simple water dispersion method was taken to be the ambimt of the clay present in an 
aggregated condition or the temporary or false aggregation as it is usually termed 
[Tiulin, 1928]. 
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The results of analysis are given in Appendices I and II. 

CLASSIFIC4TION OF TUB SOILS ON THE BASIS OP THE MECHANICAL PRACIIONS 

An examination d fte data for 

^^riatSnr^iSln' ’Si^^ otS 

NaOl dispersion show some order three types to cccur—ial those in 

maximum. A f^^rther examination of ^rVldSn^ind Eangpur; (h) soils in 

which clay percentage axecreases down the (Tu,.-d^.spnr and Chin sura ; end (e) soils 

which clay content increases dowi. ^ or fourth foot below the surface. A 

in whicl the percentage of clay w maxunani at the . t iru o. i . 1 1 u 

large number of soiis comes under tms compared to tlie maximum day 

The relatively lower oontent of clay ^ Gurdaspur, Shahjahatipur, 

content of the ^oils of tee tbiixT Bi^d fou^h^^^^^^^ Tins 

Makrera, Sylhet and Siisi) b,r t.ic x.,v. anr-eeasive alluvial deposits or of the 
may be the result of variations in the ° ^ shows 

Sre of the processes subsequent deoosition. A efeim 

that soils in the arid and^the f Makrera. The Lahore md 

contentB. e.g. thos_ed ^Peshawar L ^ Shahjahanpur which ate under 


contentfi, e.g. ’ Jt! of GurS^^^^ Shahjahanpur which are under 

Haripur soils are exceptions. .w hicrher clay content. RainfaU has 

comparatively higher rainfall condite wfiatherins°of soil but the original parent 


rmp'aS^ higher rainfall condto ^ 

undoubtedly an important „ derived is also an important factor. _ For 

materials from which the transported powarkheraand Indore have a higher 

instance, the black sdls from A^-o a, la clay content of Haripur soil 

clav content although the be dtribufed to its development mainly from 

although formed under °“i?v,-n^ aSt 

slates.' Again, Padrauna soil, leceivm^ almat te Bengal soils. In these two 

Textural variations *Pe variations in mechanical composition are 

provinces, the sods are mamty a deposited materials and the relief 

predominantly ,<id®™.f Jorhat soil was formed by 

land. Thus Jorhat sod is much more sanij ? . ' ^ ,„lgA » ^ ^ higher level causes ihe 

the deposits of the river laid down by the Surma 

coarser materials to be deposits in large quantities. 

River and being placed at a f occurrence of 

The higher content of clay down P^°^ll ^ ia distinguishing the Bengal soils from 

E.“‘pul»rOhtaSi.' ££ dift^rences in thn nntate of the depot® oommg from 

diSerent sources become more important. 

AqGBBGATION of OLAY 

The significance of mechanical “alysb by^ f|®^MugTa"'tes£h?into tfe P|o- 

nroceesea of sod formation but it is of action of chemical factors under 

deoil., f>*>«»“<i'toieggregat;ontee^in|f^^^^ i,, totto 

the physical influences ?V‘^®fvvf funcrion as coarser particles can take place mder the 
of compound clay particles, (2) cementing efiect of organic 

following conditions : (1) efflct^of calcium compoun^, and A) 

matter and bacterial slime, ( 3 ) cementing ® _ . ^jggrees of dehydration. All these 
?y oxides of you and ‘IXTevS dto™l?£Litfons. An id., of the sntonnt of 

occur®S'r.rp.=ti™rdS^^^^ regions whereas a high aggregatton was notteed m 
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chernozems which usually occur in semi-arid and semi-humid areas. The average per. 

centage aggregation of clay ^ iu the soils studied by us, 

excepting 3 out of 34, has been found to_ be 74.65±1.78 with a coeflBicient of variation 
13.06. This shows, contrary to the observations of Baver, that aggregation in Indian soils is 
not effected by climatic conditions. 

I.'iPLUBNCB OP CLIMATE ON THE FORMATION AND MOVEMENT OP OLAY 

The influence of climate on the formation and movement of clay has been referred 
to earlier. This is further exemplified by tie data given in Tables I and II where the 
average values of the clay, silt and sand fractions have been tabulated according to the 
climatic divisions (Table I) and the colour of the soil (Table II). 

The average data given in Tables I and II, are represented -graphically in Figs. 1 
and 2. 
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Table I 

Mechankal fractions of soils under different cUmaiic conditions 


Humid (11 soils) 


Pet 'humid 


Table II 

Mechanical fractions of soils grouped according to their cdowr 


Silt perceaUge 


Clay percentege 


Brown (12 soils) 
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In both arid and per-hum id climates maximum clay content occurs at the fourth foot. 
The difference betxveen the maximum and the minimum within the profile is greater in the 
case cf per-humid than in the case of arid regions. This may be due to mechanical downward 
movement of the clay with persistently greater rainfall. _ . . 

Black soils containing a high amount of clay show little variation in their contents 
from depth to depth. It is probably due to the absence of free moveinents of the clay 
particles to any appreciable extent. The rest of the eoils are characterized by low clay 

contents and the evidence of illuviation of clay along the profile is marked. 

Silt, however, does not show variation in the profile to the same extent as clay 
excepting a few soils, its percentage varies on an "average from about 15 to 35 and in 
some of the profiles tie variation is reverse of that observed for clay. The sum of the per- 
centages of sand fractions varies almost inversely to that of clay. 

Summary 

Data of mechanical analysis of 43 soil profiles obtained from different parts of India 
show that the soils could be classified into three groups: (1) soils where clay content decreases 
down the profile— number of such soils' are small; (2) soils where clay content increases 
down the profile ; and (3j soils where maximum clay content is observed in the third or the 
fourth foot depth. Majonsy of Indian soils fall under this last group. There are 
indications which show that the clay moves down mechanically to lower depths from the 
surface. 

The amount of clay aggregated is not influenced by the prevailing climatic conditions 
under which the soils have been developed. 
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Appendix 1 


Mechanical analysis of soil profiles by NaCl Mspersion 


Profile CA 4 .- 

No. Station 

Depth 
in ft. 

Percentage 

of 

moisture 
at 100* C. 

- 1 

1 Percentage 
i of 

clay 

0,002 mm. 
and below 

Percentage 

of 

silt 

0.002 — 
0,02 mm. 

Percentage 

of 

very 

fine sand 
0.02- 0.05 
mm. 

Percentage 

of 

other sands 
above 0.05 
mm» 

1 Peshawar (Tarnab 

0—1 

1,07 

11.90 

30,85 

31.70 

■■■ '25.55 ■ 

Farm), N, W.F.P.... 

1—2 

0.96 

11.87 

24.85 

39.49 

23.79 


2—3 

1.07 

13.99 

! 28.52 

34.80 

22.69 


3—4 

0.88 

12.34 

! 32.41 

27.38 

27.87 


4—6 

0.83 

15.42 

15.14 

30.08 

39.36 

2 Haripur Hazara, 

0—1 

1.37 

21.10 

44.61 

19,47 

14.82 

N. W. F. P. 

1-2 

1.76 

28,80 

42.75 

1610 

12.36 


2—3 

2.22 

30.48 

47.45 

9.81 

12,25 


3—4 

2.32 

35.21 

46.27 

6.55 

11.97 

y . , , . . ■ J 

4—5 

2.51 

36.10 

42.26 

11,49 

10.15 


S51 
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Appendix I 

Mechanical analysis of soil profiles by NaCl dispersion — contd. 


Station 


Percentage Percentage Percentage Percentage Percentage 

of of of of of 

moisture clay silt very otlier sands 

at 100® C. 0*002 mm. 0*002 — fine sand above 0,05 
and below 0*02 mni. 0.02—0.05 mm. 


Rancbi, Bibar 
(Upland) 


Nagpur, , C. P. 


Waraseoni, 


Labbandi, 


Chandkhuri, 


Kheri-Adbartal, „ 


Powarbbera, 


Indore, C. !• 


Kbarua, „ 


0—5 in. 
5-16 ., 
16— 28 
28-40 „ 
40—52 „ 
52-60 „ 
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Profile 

No. 


Station 


40 Sarat, Bombay 


50 


51 


52 


54 


55 


56 


57 




59 


60 


Coimbatore, Madras 


Taliparamba* 


Koilpatti; 


> >» 


Hagari, »> 


Nandayal, 


Samailcot 


» *•« 


AnakapaUe* «> 


Berhampore, Orissa 


Pusa, Bihar 


Delhi, I.A.B. J. 


Depth 
in ft* 


0- — I 

1— 2 

2— 3 

3— 4 

4— 5 

0-1 

1—2 

2-31- 

3J-5 

0—1 

1—2 

2— 3 

3— 4 

4— 5 

0—1 

1—2 

2— "3 

3— 4 

4— 5 

0—1 

1—2 

2- 3 

3- 4 

4- 5 

0—1 

1—2 

2— 3 

3— 4 

4— 5 

0—1 

1—2 

2-3 

0—1 

1—2 

2— 3 

3— 4 

4— 5 

0-1 

1-2 

2- 3 

3- 4 

4- 5 

0-1 

2— 3 

3— 4 

4— 5 

0—1 

1—2 

2— 3 

3— 4 

4— 5 


Percentage 

of 

moisttire 
at 100^ a 


8.31 

8.08 

8.26 

8.33 

8.34 

2.12 

3.30 

3.47 

2.78 

2.00 

1.40 

0.84 

0.95 

0.82 

7.47 

7.35 
5.96 

7.79 
7.65 

2.52 

3.76 

3.82 
3.09 

3.47 

6.44 
6.91 

7.05 
7.18 
7,23 

1.30 
1.69 
1.60 

0.84 

1.52 

2.06 
2.56 
2.51 

0.35 

0.87 

1.53 

1.82 

2.45 

0.36 

0.66 

0.55 

0.52 

0.40 

1.22 

1.34 

1.85 

1.98 

2.03 


Percentage 

of 

clay 

0*002 mm. 
and below 

Percentage' 

of 

silt 

0002 — 
0*02 mm. 

Percentage 

of 

very 

fine sand 
0‘02-0'03^ 
mm. 

Percentage 

of 

other sands 
above 0.05 
mm. 

47.10 

19.50 

2.20 

31.20 

43.00 

19.00 

1,10 . 

36.90 

43.10 

18.30 

7.70 

30.90 

40.30 

22.00 

4.50 

33.20 

43.00 

17.70 

4.10 

35.20 

31.67 

37.26 

6.74 

7.49 

2.25 

1.25 

59.34 

54.00 

38.74 

26.95 

12,53 

12.75 

3.52 

4.52 

45.21 

55.78 

29.59 

49.49 

45.99 

26.11 

20.89 

17.35 

7.85 

5.27 

8.65 

36.95 

24,35 

28.01 

46.86 

22.84 

5.71 

24.59 

36.97 

23.83 

6.92 

32.28 

62.90 

11.24 

3.67 

22.19 

64.98 

11.66 

3.89 

19,47 

72.52 

12.12 

2.98 

12.38 

71.14 

13.88 

2.82 

12.16 

71.69 

10.40 

3.03 

14.88 

43.95 

52.79 

19.49 

23.07 

3.49 

4,16 

33.07 

19.98 

59.06 

54.89 

52.21 

21.83 

22 70 
25.48 

5.20 

6.81 

8.91 

13.91 

15.60 

13,40 

57.29 

16.25 

3.21 

23.25 

61.45 

17,40 

5,16 

15,09 

64.55 

18.07 

5.88 

12.00 

65.94 

17.88 

4.09 

12.09 

66.40 

18.33 

2,37 

12,90 

24.88 

16.61 

9.12 

49.89 

36.62 

20.75 

6.10 

36.53 

38.18 

19.31 

5.49 

39.02 

9.48 

7.26 

5.85 

77.41 

17.06 

13.00 

8.12 

61.82 

24.10 

14.70 

8.58 

52,62 

27.71 

14.57 

8.42 

49.30 

26.28 

11.70 

8,83 

53.19 

12.84 

2.61 

3.01 

81.54 

31.79 

1.61 

4.03 

; 72.57 : . 

29.86 

0.61 

4.06 

65.47 

30.45 

11.49 

6.25 

51,81 

41.21 

9.84 

2.46 

46.49 

5.62 

23.68 

47.37 

23.33 

7.65 

31.01 

43.49 

17.85 

5.83 

21.92 

44.44 

27.81 

4.22 

24.93 

56.69 

14,16 

5.82 

28,71 

57.83 

7.64 

10.33 

12.76 

11.74 

65.17 

18.45 

12.39 

11.55 

57*63 

24.04 

15.69 

12.63 

47.64 

24.27 

15.50 

13.26 

48.97 

22.86 

18.47 

13.27 

50,40 
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Clay contents of soil profiles byNaCl dispersion and simple dtspersson by 

shaking with water 

(Percentage of clays are in oven^dry basis) 
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I 


Depth 
in ft 


1 

2 

3 

4 

5 


1 

2 

3 

4 

5 


1 

2 

8 

4. 

5 


1 

2 

3 

4 

5 


1 

2 

3 

4 

5 


Percentage 

of 

clay by 
NaGl 
dispersion 

(a) 


Percentage 

of 

clay by 
simple 
dispersion 

(b) 


a / b 


Peshawar— Tarmb Farm 


1L90 

1K87 

13.99 

12*34 

15.42 


4.55 ! 2.61 

3.39 i 3.50 

4.03 3.47 

4.00 3.08 

3.44 I 4.49 


3, Lahore— Punjab 


17.66 

21,80 

26.86 

24.30 

19.14 


5.53 3.19 

6.13 3,56 

8.43 3.19 

5.55 4.38 

6.98 2.74 


11.55 

13.75 

12.53 

11.51 

12.38 


8. Kangra— Punjab 

4.61 2.51 

3.12 4.40 

4.16 3.25 

3.55 3.24 

3.35 3*/0 


10 . Mianwali— Punjab 


13.58 
12.94 
12.13 
11.71 
7 24 


4.40 

3.13 

4.36 

2.06 

6.52 


3.09 

4.13 

2.78 

5,69 

1.11 


12. Karachi — Sind 


6.57 

6.25 

6.86 

6.78 

6.06 


4.01 
5.61 

5.01 
4 93 
4,61 


1.63 

1.12 

1.37 

1.38 
1.32 


18. Shahjahanpur — U- P^ 


18.58 

20.40 

24.70 

25.14 

21.06 


2.02 

11.34 

8.39 

6,79 

4.42 


9,18 
1.80 
2 95 
3.71 
4.76 


Percent- 
age of 
aggrega' 
tion on 
clay 


1 


Depth 
in ft. 


Percentage 

of 

clay by 
NaCi 
dispersion 

(a) 


Percentage 

of 

clay by 
simple dis- 
persion 

(b) 



Percent- 
age of 
aggrega- 
tion on 
clay . 


1 

i 

1 

2 . H arip ur K azara — N . 

IF. F. P. 


62 

1 

2 

3 

4 

5 

21.10 i 
28.80 

30.48 

35.21 ! 

36.10 1 

6.46 

7.98 

9.68 

10 24 

11.32 

3.27 

3.61 

3.15 

3.44 

3,19 

69 



7. Gurd&spur — Punja b 


68 

1 ! 

^ i 
? i 

4 « 

5 1 

11.58 

20.65 

23.88 

24.01 

24.74 

6,08 

5.76 

6.88 

8.21 

A86 

1.91 

3.75 

3.47 

2.93 

8.61 

47 



9. Lyallpur—Pmjab 








60 

2 

3 

4 

5 

12.40 

11.92 
13.84 
12.59 ' 

4.38 

3.00 

4.14 

1 4.10 

2.83 

3-98 

1 3.35 

1 3.07 




11 

, Sakrand-- 

-Sind 


68 

1 

2 

3 

4 

5 

1 9.37 

1 5,11 

i 5.89 

10.10 

1' 4.82 

2.50 

1,83 

1,69 

1,07 

2.26 

3.74 ! 

2,79 

3.48 

9.43 
j 2.13 

73 



13. 

Mir pur khas Sind 


39 

1 

2 

3 

4 

5 

16.24 

18.43 

27.32 

38,68 

40.10 

4.00 

5.11 

3.56 

4.24 

4.06 

1 4.06 

3.61 

7.67 

9.13 

9.87 

75 



19. 

Padrauna— 

Low land 


89 

1 

2 

3 

4 

5 

9.78 

7.00 

6.48 

3.36 

3,20 

2.41 

2.38 

0 38 
1.68 
0.48 

4.08 

2.94 

17.05 

2.00 

6'63 

76 
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Appendix II 

Clay contents of soil profiles hy NaCl dispersion and simple dispersion by 

shaking with water — contcL ^ 

(Percentage of clays are ia oven- dry basis) 


Depth 
in ft. 

Percentage 

of 

clav by 
NaCl 

dispersion 

(a) 

Percentage 

of 

clay by 
i simple 
dispersion 

i (b) 

1 0. jh 

Percent- 
age of 
aggrega- 
tion on 
clay 

Depth 
in ft. 

Percentage 

of 

clay by 
NaCl 

dispersion 

(a) 

Percentage 

of 

clay by 
simple 
dispersion 
(b) 

a / b 

Percent- 
age of 
aggrega- 
tion on 
clay 


22. Ramhi^Bihaf Upland 



24. 

Nagpur-— C» P. 


1 

42.22 

9.98 

4.28 

76 

1 

59.55 

9.90 

6.01 

83 

2 

41,31 

9.47 

4,34 


2 

63.11 

12.65 

4,99 

— 

3 

42.47 

9.25 

4.59 


3 

66.32 

10.97 

6.05 

— 

4 

35.72 

6,74 ' 

5.30 



4 

65.71 

12.22 

5.38 

— 

5 

40.17 

1 9.82 

4,09 

— 

5 

64,46 

16.17 

3.99 

— 


25, Ako\a--^C. P, 



26. 

Wamseoni-^, P. 


1 

57.74 

6.79 

8.50 

88 

1 

21.67 

2.69 

8.05 

88 

2 

60,48 

0,76 

79.58 


2 

40.35 

3.65 

11.05 


3 

62.44 

3.15 

19.83 


3 

40.83 

4.30 

9.51 

... 

4 

64.14 

15.19 

4.22 

— 

4 

34.40 

2.65 

12.97 


B 

64.38 

19.89 

3.24 

— 

5 

22.18 

4.36 

5.09 

— 


27. Labhandi- 

-C. P. 



28. Chandkhuri^ 

■C.P. 


1 

60.07 

17,27 

3.48 

71 

1 

33.22 

6.42 

5,18 

1 65 

2 

62.47 

19.76 

3.16 

.I... 

2 

36,36 

15.13 

2.40 


3 

61.14 

18.12 

3.79 


3 

31.66 

6.56 

4.83 

1 mmmm 

4 

61,59 

12.65 

4,87 i 



4 

38.65 

3-78 

10.23 

mmm, 

5 

60.61 

11.42 

5.81 1 

1 — . 


34,08 

10.35 

3.29 

— ■ 


29, 

KheruAdhaftal^C, P. 



30. Powarkhera- - 

-C.P. 


1 

49,35 

14,64 

3.37 

70 

1 

57.50 

13,79 

4,17 

76 

2 

51.01 

10.15 

5.03 


2 

52.28 

14.27 

3.66 


3 

42,36 

9.88 

4.28 



3 

59.69 

12.21 

4,88 


4 

31.88 

5,44 

5.86 


4 

51.98 

12.26 

4.24 

, 

5 

24.10 

4.83 

4,99 

— 

5 

62.24 

12.36 

5.04 



31. Indore^C.l, 



32. 

Kharua—( 

JT, 


I 

65.40 

7,59 

8.62 

88 

1 

52.70 

12.00 

4.39 

77 

2 

66.00 

9.94 

6.64 

— 

2 

52.78 

9.37 

5.63 


3 

64.50 

7.01 

9,20 

.... 

3 

54.84 

7.36 

7.45 


4 

61.30 

8.66 

7.08 

— ■ 

4 

53.11 

7.27 

7.31 

. 

5 

47.30 

7,00 

6.76 

— 

5 

44.32 

6.51 

6.81 

— ■■■ ■ ' 


33. Makrefa — Ajmere'-Mermara 



34. 

Tabiji—Ajmere 


1 

8.36 

3.51 

2.38 

58 

1 

5.04 

1,43 

3.53 

72 

2 

13.67 

4.52 

3.03 

— . 

2 

6.05 

1.73 

3.49 


3 

15.41 

4.17 

3,69 


3 

6,86 

2.02 

3.39 

' , , ■ ' 

4 

14.79 

2.45 

6.04 

— 

4- 

9.80 

3.59 

2.59 


5 ' 

8.16 

1.78 

4.57 


5 

3.21 

2,17 

1.48 



35. Jorhat^Assam 


86, Karimganj---A ssam 


1 

f 6.80 

0.20 

33.99 

2 

8.98 

1.71 

5.22 

3 

1 10.74 

0.14 

76.74 

4 

9.78 

0.72 

13.58 

5 ■ 

6.00 

0.02 

300.00 


1 

20.95 

5.36 

3.91 

2 

19.97 

3.90 

5.12 

3 

20.99 

4.43 

4.74 

4 

16.04 

3.94 

4.07 

5 

14.02 

3,48 

4.03 


97 


74 
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OOMPAEATIVB STUDIES ON INDIAN SOILS 

V. SINGLE VALUE PHYSICAL CONSTANTS OF INDIAN SOILS 

By K. C. Batea, K. M. Mbhta, V. N. PfiASAO and B. ViswANATH, 

Imperial Agricultural Research Institute, New Delhi 

(Received for publioation oa 21 March 1944) 

T he mechanical analysis of a soil gives the proportions of particles of different sizes from 
which the probable texture and related soil properties are deduced. Several soil workers 
have proposed from time to time different single value constants as characteristics to soil, 
as alternatives to mechanical analysis for assessing the probable field behaviour of a soil. 

Hygroscopic coefficient [Orowther and Pori, 3924; Pari, Orowther and Keen, 1926j 
Puri, i926], rate of evaporation at a given moisture content and wilting co. 
efficient [Alway, 1913; Shull, 1916], comparison of effective particle surface between 
different soils, dye absorption, heat of wetting and suction force [Haines, l 926; Haines, 
1927] have been suggested as single value physical constants and have been shown to 
be unsuitable for use as indices of soil texture for one reason or anotner. Moisture 
equivalent has, however, Wn recommended oy Oaineron aud Gallagher [1908]. Harding 
[1919] holds it to be an index of soil texture and consequently of its water relationships. 
The ‘relative wetness’ (soli moisture content divided by the moisture equivalent) has 
been used by Conrad and Veihmeyer [1929], who have shown the normal moisture 
capacity of the soil to be approximately the same as moisture equivalent. Briggs and 
Shaatz [1912}; Alway and Russel [1916], Smith [1917] and others have developed equations 
connecting moisture equivalens and clay content as found by the usual dispersion methods. 
As point6d*out by Bodman and Mahmud [1932], Smith’s equation is the only one based on 
actual observations while the others are derived. 

The tmderlying idea in correlating mechanical analysis and aiagla value constants 
has been to avoid the time consuming process of mechanical analysis, as a basis for physical 
specification. Sticky point requires no special or elaborate equipment _ for its determina- 
tion and, if anything, is less empirical and more quickly determined. Sticky point has been 
used as an index of field capacity in irrigation surveys in Australia [Prescott and Poole, 
19M]. Keen [1930] in a co-operative investigation reported considerable variation which 
ranged from 0.4 to 6.3. A new method for determining the moisture content at the sticky 
point has been reported by Feng Ghao-lin [1939] and it is claimed to be simpler than 
Keen and Ooutts’ [1928] method. 

MaTBEIALS AND METHODS 

The soil profile samples mentioned in the previous sections of this series were sub- 
mitted to the comparative study of moisture equivalent aud sticky point in relation to the 
clay content of the soils. The sticky point was determined by Keen and Ooutts’ and by 
Feng OhaoJin’s methods. Briggs and Maclane’s [1910] method was used for the determi- 
nation of moisture equivalent. The clay was determined after NaOl dispersion [Puri, 1929]. 
The data for clay content, moisture equivalent and sticky point determinations are presented 
in Appendix I. 

Disdussion of ebsults 

The errors in the methods (personal and method errors) were determined for three 
soils, each repeated on three consecutive days, and the following are variations observed : 


Akola soil 
(K. 0. Batra) 
Labhandi soil 
(K. M. Mehta) 
Nandayal soil 
(V. N. Prasad) 


Keen and Ooutts’ 
method 
±0.55 

i 0.72 


Feng Ohao-lin’s 
method 
± 0.20 

±0.28 

± 0.24 
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^Tiie correlation of the values for claj^', moisture equivalent and sticky point have been 
made on the basis of ■climalic and colour grouping reported in the previous sections. The' 

. data for this are given in Appendices II and III ■ 

It is seen from Appendix II that correlation is generally better in the case' of soils 
from semi-arid and humid regions than in those from, arid and ps'iohuinicl regions Olay and 
moisture equivalent values show closer correlation with- "the sticky 'point, values by Feng- 
■ Chaodin.s method than with .those by Keen and Ooutis’ method. The error in the ' astima-' 
tion of sticky point by the former method is also lower than that by the latter method. 

An attempt has been made to obtain regression equations from the coefficients of 
correlation to see if the approximate value of the clay can be predicted with the aid of the 
values for the other two constants. In most cases, this has been found to be not possible. 

ThA<^hief feature of the data reported is the lack of correlation or poor or negative 
correlation between clay and other physical values when classified on colour or popular basis 
and a more definite and higher correlation under claimatic basis. Id the group of calcare- 
ous soils the correlation is definitely positive compared to any of the. other groupings. The 
definite and positive correlation between moisture equivalent and sticky point indicates 
definite^ relationship between these soil characteristics indicating their usefalness as 
expressions of field behaviour. Sticky point can be a more reliable index than either 
mechanical analysis or moisture equivalent. 

It is, however, to be noted that as a general method of soil exam iiiadon, none of the 
single value constants can replace mechanical analysis as has been shown by various previous 
workers.^ They attributed the failure to the presence of large amounts of organic matter 
in the soils they inve.^tigated. Our results with Indian soils in which the organic matter 
is negligibly low, also point to the same direction, but for other reasons. In our opinion, one 
of the reasons is that the dispersion treatment previous to particle grading is so drastic that 
the fairly strong aggregation that obtains in the field is broken. Other factors, such as the 
cationic composition of the clay complex, nature and amount of water soluble salts are also 
responsible for the lack of correlation between clay content and soil properties. 

SOAIMAEV AND CONOLUSIONS 

Several single value constants have been determined in the case of a large number 
of Indian soils and it has been found that as a general method of soil examination none of 
these single value constants can replace mecLaifical analysis of soils. 

Sticky point, however, can be a more reliable index of soil field behavior than either 
the mechanical analysis or moisture equivalent. 
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Appendix I 

Values for day t moisture iquivalent, and sticky point of soils 


Name of the 
place 


Peshawar 

Lyailpur 

Sakrand 

Haripur Hazara 

Mianwali 

Mirpurkhas 

Karachi 

X^ahoie 

Gurdaspur 

Makrera 

Akola 

Indore 

Padegaon 

Surat' 

Kharua 

Koilpatti 

Hagari 

Handayai 

Coimbatore 

Anakapalle 

Tabiji 

Berhampur 

Padrauna 

Labhandi 

Powerkhera 

Nagpur 

Kheri-Adhartal 

Samalkot 

bhahjahanpur 

Waraseoni 

Ranchi 

Chandkhuri 

Rangpur 

Chinsura 

Dacca 

Karimganj 

Jorhat 

Sylhet 

Kangra 

Taliparamba 

Siml 



Climatic 

region 

Popular grouping 

Percent- 
age of 
clay 

Moisture 
equivalent 
(Average 
of dupli- 
cated) 

Sticky point 

Feng 

Chao- 

lin 

method 

Keen and 
Coutts' 
method 


Arid 

1 , ' 

Calcareous 

11.90 

15.90 

21.63 

f 

23.07 


*$ 

Indogangetic alluvium 

9.89 

14.30 

14.70 

18.55 


i* 

Calcareous 

9.37 

13.10 

20.53 

24,70 


$» 

Brown 

21.10 

24.07 

25.28 

23,80 


if 

Indogangetic alluvium 

13.58 

9,33 

14.80 

13.S4 


»t 

if 

16,24 

15.12 

20.35 

18.85 


if 

Calcareous 

6.57 

7.27 

14.45 

14.64 


Semi- arid 

Indogangetic alluvium 

17.60 

16.80 

18.34 

18.46 


j» 

ft 

11.58 

19.35 

19.85 

19.54 


it 

It 

8.36 

10.88 

16.33 

16.75 


»* 

Black 

57.74 

36.31 

33.78 

24.34 


it 


65.40 

26.20 

33.45 

32.80 


it 

if 

74.75 

36.60 

50.75 

53.27 


»l 

ft 

47.10 

25,30 

34.95 

31.66 


it 

It 

52.70 

25.88 

30.63 

34.12 


t* 

it 

62.90 

52.57 

42.14 

50.54 


a 

it 

43,95 

37.05 

33.41 

27.60 



it 

57.29 

48.60 

47.58 

35.04 


a 

Brown 

31.67 

18.40 

23.99 

19.40 


" ' it 

ft 

9.48 

8.09 

14.83 

16.75 


it 

tf - 

5.04 

5.00 

13.80 

16.45 


Humid 

Indogangetic alluvium 

12,84 

7.40 I 

wso 

10.34 



Csdcareous 

9.78 

22.20 

23.16 

28,80 


■ ** : 

Black 

60.07 

81,97 

39.40 

30.10 


, ft 


57,50 1 

30.78 

33.59 1 

27.73 


it 

' '..ft- 

59.55 

28.60 

40.15 

33.10 


*» 


49.35 

27.99 

32.43 

26.23 


t* 


24188 

20.17 

22.74 

24.64 


it ■■ 

Brown 

18.58 

7,10 

12.81 

18.33 


n 

tt 

21,67 

16.52 

22.81 

17,48 


it 

Red 

42.22 

15.60 

18.38 

22.25 


it 

it 

18.12 

21.51 

21.00 

20.60 


Per-humid 

Indogangetic alluvium 

6.41 

23.10 

26.35 

31.80 


'■ ' ■ ■##-' 

Black 

50.61 

28.78 

30.99 

37.34 


if 

Brown 

19.93 

16.80 

33.45 

32.80 


it ' 

•t 

20.95 

28.18 

27.05 

27.15 


' it ■ ■ 

■ if 

6,80 

11.25 

18.50 

20.55 



ff 

11.69 

11.22 

15.90 

18.22 


if 

' ft 

11.55 

20,17 

24.80 

25.81 


tf 

Red 

29.59 

32.85 

80.36 

38.95 

' ff 

■ n 

■■ 1 

17.23 

16,25 

21.27 

21.03 


Appendix II 

Correlation haween different variables on basis of dimatic classificati 
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Correhiion between different variables on basis of ffoptdar grouping 
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STUDIES IN OANGETIC ALLUYIUM OF UNITED PEOTINGES 

I. CULTIVATED SOILS Off UNAO DISTRICT 

By B. K. Mtjkbeji, Ph.D., D.So., Deputy Director of Agriculture, North Eastern 
Circle, Gorakhpur, R. R. Agarwal, M. Sc., D. PHit., Acting Agricultural 
Chemist to Government, United Provinces, Cawnpore, and P. Mukeeji, 

B. So. (Aq.), Assoc. I. A. R L, Senior Research Assistant 

( Received for publication on 19 March 1945) 

A srsTBMATKJ soil survey of the different districts of the United Provinces has 
been in progress for some time -with a view to study the adaptablity of different soil 
types to the growing of food crops and fodders and to study the suitability or o.herwise of 
the land types to irrigation facilities now available. A large volume of data has been 
collected in regard to the genetical characteristics of the soils'of the United Provinces and 
in the present contribution some selected proSles out of a total of 24 studied f »y us from the 
Unao district have been described from the point of view of their genesis. 

The Unao district lies between 26.8° and 27.2° north la* [tude and 80.3° and 81 3° east 
longitude. It is bounded on the irorth by Hardoi, on the east by Lucknow, on the south 
by Rai.Bareilly, all of which belong to the Lucknow Division; and on the w-est by the 
river Ganges which separates it from the Oawmpore and Eatehpur districts. In its 
general aspect the district may be divided into two main divisions, viz. the low- 
lands or iarai lying along the banks of the Ganges and the uplands which extend east, 
wards from the high bank. Most of the agricultural lands lie on the uplauds and iarai 
areas are of very little economic importance, being subjected to periodic inundations. 
Out of the pits reported in the present paper Hariharpur pit No. 1 is situated in the iarai 
area and the other pits on the uplands. 

Litbratpeb 

The greater part of Northern India is occupied by alluvial deposits of the Indus, 
Ganges, jumuna, Brahmaputra and their tributaries, but work in India on these alluvial 
soils from the genetic point of vie w has been extremely meagre. 

Soil survey work from the point of view of agricultural suitability has been carried 
out in India amongst others by Harrison and lyenger [1934], Harler [1931], Viswanath 
and Ramasubrafcmanyan [1928], Simkins [1933], Sahasrabudhe [1929], and Mukerji and 
and Mulerji [i942]. Amongst the studies of soils from genetic point of view mention may 
be made of the work of Basu and Sirur [1938] who have studied the soils of Nira right 
bank and Pravara canals in Bombay Presidency, _ of Mukerji and Das [1940] who have 
studied the foot hiE soils of Himalayas in lie United Provinces and of Mukerji and 
Agarwal [1943] who have studied the soils of the Bundelkhand tract of United Provinces. 
It will appear from tie foregoing that soil survey of the greater part of Northern India 
from the genetic point of view had hardly been undertaken so far. 

Metboeolcot 

Complete meteorological records of the Uaao |district are not available. In order to 
give an approximate idea of the locality, the records of observations at Cawnpore are 
presented in Table I. Cawnpore lies next to the Unao district on the right bank of :he 
river Ganges and the climate of both the places is very much similar. 
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Table I 


Weather report of Cawnpore {Average of 10 years) 



Temperatures (Degrees F.) 

Humidity 
(per cent) 

Rainfall 

(inchee) 

Soil temperatures 
(Degrees C.) 

Maximum 

Minimum 

8 A, M. 

3 P. M, 

January 

73.0 

44.0 

75.7 

0.41 

13,5 

16.1 

February 

77.7 

49.7 

72.0 

0.37 

16.1 

28.6 

March . 

90.7 

57.7 

43.7 

0.19 

20.8 

23.3 

April .. j 

99.9 

68.2 

34.1 

0.39 

26.6 

28.7 

May ...i 

105.9 

79.6 

i 44.0 

0.22 

32.6 

34.3 

June 

101. 1 

81.4 

i 59.4 

2,40 

32.7 

34.1 

July 

92.5 

79.1 

! 84.5 

10.13 

29.0 

30.3 

August 

89.2 

78,1 

85.9 

9.5 

27.4 

28.9 

September 

91.1 

74.4 

80.0 

6.7 

26.9 

28.9 

October 

92.0 

65.9 

65.0 

0.32 

%24.1 

27.1 

. November 

84.7 

53.2 

61.0 

0.02 

19.7 

23,2 

December 

74.3 

46.5 I 

73.3 

0.74 

14,3 

17.6 


'WiDters which are mild are usually frost free. On an avei’age the maximum tem- 
perature during the months of November, December, January and February remains at * 
77.2°F. and minimum at 48.4°F. A few showers of rain are experienced in winter, but total 
precipitation during the whole period is rarely more than 2 in. The month of ovember 
remains practically rain free. Humidity during this period in the year is about 70 per 
cent and soil temperatures remain sufficiently high. The months of March, April, May and 
June are marked for high temperatures along with strong and hot winds. . 

The maximum temperature often rises to about 115°F. or more in the monthofMay. 
Eelative humidity becomes very low and soil temperature attains at times as high a value >• 
as 46*0. On the whole this is the most arid period of the year for this locality. Rains 
usually start in the last week of June and continue till the third week of Septemberi 
During the rainy season, the atmosphere remains highly saturated with moisture. Largest 
precipitation occurs in July. This period remains extremely humid. After the rains, there 
is tendency for the maximum temperature to rise again for a short period. 

We have thus one humid and one arid period alternating wii h each other every 
year, and these climatic changes are reflected in the soil profiles. Lang's [1920], rain 
factor for this locality is about 31.9, which shows the aridity of the climate of the locality. 

N. S. quotient of Meyer [1926] for this area is 96.4, whicii also saows that the clim.a'e will 
favour desert and semi-desert type of vegetation which are usually met with in arid 
tropics. 

Methods OP PEOOBDURE . V 

if) Survey technique. The details of technique adopted by us for the survey of soils 
in the plains are briefly enumerated below. Pits at selected places were dug up to a 
depth of not less than 6 ft. and each pit was broad enough for an observer to go inside 
and note the visual characteristics and composition of the profile. Observation on struc. 
ture, teiture. coloiir, concretions, hardness, etc. together with reactions with phenophthalein, 
dilute hydicchloric acid and universal soil indicator were taken t» si/«, and samples were 
olDtained for laboratory cioalyds from oacb horizon. Wherover horizon differentiation was 
not marked, samples were obtained from each foot depth. After air.drying, the colour, slruc. 
ture and texture were again studied for each horizon in air.dry and moisture saturated 
conditioas. : 

_ Jii) Analytical methods. 2 mm. samples were used for the analysis detailed below. 
Mechanical analysis was carried out by the International method. ' As these soils are very ^ 
poor m organic matter, pretreatment of the soils with hydrogen peroxide was, however, 
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omitted. _ Hydrocliloric acid extract for the determiaatiott of insoluble residue, sesquioiides 
and alkaline earths was made by the Agiicaltural Bducadm Ass icia ion iretiod [Crow- 
ther, 1931], Acid and potash soluble silica were estimated by the International method 
[Sigmond, 1927], 

In these f- oils no difficulty was expsiieaced in washing the hydrochloric acid 
residue free of the acid, and there was found to be no need to add either sodium or 
ammonium chloride or nit’ ate. But considerable difficulty was experienced in washing the 
residue^ from potash digestion with distilled water free of alkalirdty and chloride, as 
dispersion immediately took place and a part of the residue passed through the filter 
paper. We had, therefore, to wash the potash resid;;e with 2 per cent pure sodium 
chloride solution free from alkalinitj’-. For each estimation about 400 c.c. of 2 per cent 
sodium chloride was used. A fter many ti ials we are satisflei that this modification of the 
International method was very necessary at least for these soils. 

From 1:5 soil water ratio, soil ertract was filtered with the help of a Chamber, 
lain filter candle. In this extract water soluble salts, carbonates, bicarbonates, sulphates 
and chlorides were estimated. 

values were determir ed by colorimetric method with Otark & Lubb’s standard 
indicators in 1 : 25 -noil N. KOI extract and in doubtful cases these values were checked 


on a hydrogen electrode. 

Organic c:arbon was e-timated by the method due to Walkley and Black [1934]. 
Nitrogen was estimated by Kjeldahl's method after modification suggested bj’ Bal [19^]. 
For the determination of water holding capacity Oontts’ method was used [1936]. 

Olay was separated according to the method suggested by Bob inson [Wright, 1^9]. 
Ignited clay was fused with sodium carbonate- and analysed as silicate. 

For determining exchangeable bases, considerable _ difficulties were felt, as none of 
the methods were found quite suitable. After many trials the method noted below was 
adopted. 

Ten grams of soil washed free of soluble salts were leached with aormal ammonium 
acetate solution and total exchangeable bases were estimated as in Bray and Wiilhite’s 
method [1929]. The amounts of exchangeable lime and magnesia were determined in 100 
C.O. of the extract. In another 100 c.c. of ammonium acetate extract, after evaporation and 
ignition in dull red heat, potash was estimated by Piper's method [1934]. Exchangeable 
sodium was estimated by difference. In soils containing eerbonates normal ammonium 
acetate extract gave high figures for base exchange capacity and Chapman and Kelly’s 
[1930] .neihod was found unsuitable due to the presence of carbonates. In the latter 
case exchangeable lime and magnesia were estimated by Hissink’s [J923] sodium chloride 
method and sum of all the basef was tabulated as bsse exchange capacity. 

Expsbimbntal 

The area covered by the present survey belongs to the latter half of the upper 
reaches of the river (janges. Although according to expectation, a large majority of these 
soils are loams, considerable areas of clay lands have abo been encountered, and on this 
basis al the IJnao soils can be classified into three major groups of sandy, loamy and 
clayey soils. Each of these textural units can further be classified into genetic groups, 
depending on the developmental characters reve Ued by the processes of eluviation and 
illuviation operating in the development of these soil profiles. Easily determined and by 
far the most important genetic character of the soils of Unao district is the variation of 
clay content in the different horizons. On this basis we have d ivided TJaao soils into two 
main types, viz. soils where no signs of eluviation of clay are present and soils where 
eluviation of clay leads to the development of textural horizons. Although we have not 
met with any sub.type under the first main type, the second type has two sub-types as 
will be dftailed presently. Besides these two types of soils we have another type of soils 
resembling some of the soils of the second group but certain peculiar features which neces. 
sitated tleir classification under a separate head. _ Thus we have four groups of cultivable 
soils belonging to three main types so far met with in the Unao district. ■ 
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The visHfcl description of the first type of soils is given in Table II and 
the resnlts of their mechanical analyses in Table III." 

Table II 

Visml iescriptim of the first ty f& of soils 


Name of pit 

Depth 

Description 

Hariharpur pit 

0-9 in. 

! 

Structureless loam and ash grey. There is some 
organic matter ; carbonates and alkalinity practi- 

No. I. 


cally absent. 


9 m..2 ft. 

Grey, lighter than above, structureless. Organic 
matter and carbonates absent. The soil extract 
gives no reaction to phenolphthalein. 


2 ft..3 ft. 

Sandy, yellowish grey. Organic matter absent, 
although there is a trace of carbonates. 


3 ft.-5 ft. 

More sandy than above: yellowish grey; struc- 
tureless. Organic matter and alkalinity absent. 


Table III 

Mechanical analysis of Umo soils ^Ty pc 1 [Hanharpur pit No, I) 


Horizon 


B, 

C, 

1 c ' 

, ■ • ,• „■ 

Depth 

0-9 in. 

9 in-2 ft. 

2 ft.-3 ft. 

3ft.-5ft. 

Coarse sand percentage 

1.65 

3,03 

9.73 

7.49 

Fine sand percentage 

37.35 

49.50 

76.51 

80.40 

Silt percentage 

38.75 

31.80 

1 8.75 

1 7.95 

Clay percentage 

19.50 

13.75 

1 3.0 

1 2.55 

Moisture equivalent percentage 

33.25 

25.94 1 

9.5 

j' , ■ 7.21^ ' 

Organic carbon percentage 

0.76 

0,43 i 

0.27 

1 0.32 

Total N percentage 

0.098 

0.056 I 

0.028 ! 

0.028 

C/N 

” 1 

7.7 

9.6., 

.1 

11.4 


The field observations on these soil profiles do not show any clear demarcation of 
the constituent horizons and signs of eluviation are practically absent. A slight trace of 
carbonates in the third horizon can at best be considered to be due to precipitation of 
carbonates round feebly developed nuclei. The soil colour is ash grey and the horizon 
differentiation has been based on the textural character of individual layer. These soils 
are confined to a narrow strip of land along the loft bank of the river, extending up to a 
breadth of 4 to 5 miles at places. 

Goarses and fractions of these soils are high as compared to other alluvial soils and 
the clay fraction is low, showing less mechanical disintegration. There is a general 
tendency for clay content to decrease from the surface downwards and fine and coarse 
sand to increase. ^ Oarbon/nitrcgen lauo tends to increase in the lower layers due to 
relatively lower nitrogen content. The data on the analysis of hydrochloric acid extract 
of these soils are given in Table IV. 
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Table IV 

Chemical maiyses of Unm soik — Type 1 {Hariharpur pit No, I) 


. Homon , 

B, 

B. 

C. 

c. 

Depth 

0-9 in. 

0 in.'2 ft. 

2 ft.-3 ft. 

3 ft.-S ft. 

Moisture percentage 

1.20 

0.7 

0.40 

.0.14 

Loss on ignition percentage 

4.12 

2.68 

0.80 

0.60 

Silica soluble in KOH in bulk sam- 
ples percentage 

1.25 

1.40 

‘ 1.48 

I'M 

Intoluble matter in HCI percentage 

82.46 

83.07 

92.05 

91.60 , 

HCl soluble silica percentage 

®.596 

0.556 

0.564 

0.560 

KOH soluble silica percentage 

7.40 

6.54 

3.27 1 

3.13 

Silica in column 6 to sum of KOH 
and HCl soluble silica ...j 

15.63 

19.72 

38.90 

36.85 

FcjO, percentage ...1 

3,60 

4.20 

2.80 

3.00 

A 1,0, percentage 

6.53 

5.42 

2.48 

2.43 

CaO percentage 

1.05 

1.53 

0.83 

1.19 

MgO percentage 

0.65 

1.56 

0.84 

1.10 

Sulphates percentage 

0.07 

0.08 

0.10 

0.07 

Composition of *A -Complex^- 

Table V 

-Derived data — TJmo soils — Type 1 {Hariharpur pit No. I) 

Depth 

0-9 in. 

9 in. -2 ft. 

j 2 ft.. 3 ft. 

3 ft.-6 ft 

Horizon 

B, 

B. 

G. 

C, 

Si0,/Al,0, 

2.0® 

2.21 

2.61 

2.57 

Si0,/R,0, 

,1.53 

1.43 

1«52 ' 

1.44 

Al,0,/Fo,0, 

2.84 1 

1 

2.02 

1.39 

1.27 


Moisture and ioss-on-igaition figures decrease with depth as a result of lower clay 
content. HOi insolubles increase in bottom layers, suggesting less weathering in the lower 
horizons, and this fact is further corroborated by lower soluble silica in G horizons* 
Sesquioxides are lower in Ohorizons although alkaline earth metals are more or less 
similar in both the horizons. _ i . 

Relative to alumina, appreciable amounts of silica seem to have been elUYiated 
from the surface soil downwards in the profile. ^The first two horizons have the same 
SiOg/AlaO^lratio, but the ratio increases slightly in the last two horizons. The 
ratios of first two horizons are higher than those found in the last two horizons- The 
ratios appear to run parallel to tue clay contents. This together with the morphological 
characters and mechanical data indicate the immature character of the Har^arpur profile. 

The data on water soluble salts of the profile are presented la Table VI and 
exchangeable bases in Table VII* 

Table VI 


Analysis of water exitaci of Unao soils — Type 1 



Hariharpur 
pit No. I 
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Table VII 

Exchangeable bases of Unao soils — Type 1 


Loonlity 


Hatihaipar 
Pit No. I 


Horizon 


Total exchangeable! 


As percentage of 'S’ 


Depth bases ! 

(m. e. percentage) 

Ca 

Mg 

K 

[ 

Na. ,, 

0-9 in. 

26.4 

31.44 

32.20 

. 2.05 

34.31 

9in.-2 ft. 

44.5 

39,10 

24.66 

1.08 

35.16 

2 ft.-3 It. 

15.2 i 

31.58 

46.05 

2.63 

18.74 

3 ft.-5 It. 

33.5 

i 

36.42 

20.90 

0.90 

, 

41.76 


Tables VI and VII depict clearly certain important developmental characteiietics 
of these soils. Water soluble sails consisting chiefly of bicarbonates and chlorides 
appear to have leached down from the surface horizons. Maximum accumulation seems 
to have taken place in the lowest layer. This is presumably due to the sandy nature 
of the profile. Oarbonate-: are a i sent fiom the profiles, 'whereas sulphates do not show 
very clear sign oi translocation to the lower horizons. 

The values of Hanharpur pit No. I are not constant in all depths of the 
profile but are more alkaline in character in the lover horizons. Tnis increase of p'K 
m&Y be associated with the higher content of bicarbonate in the lower horizons und 
the consistently alkaline character of the four horizons of Hariharpur pit No. I also 
Beein to be due to higher bicarbonate. 

Exchangeable bases in the lower layers of the horizons are higher ihan those 
in the upper layers. Exohiangeable potash (as percentage of ‘S’) is very low and bivalent 
bases constitute more than 60 per* cent of total exchangeable bases. Exchangeable 
sodium is much too high and the largest amount is found associated in the zone of acou; 
mulation of soluble salts. 

The clay composition of these soils is given in Table Vlli. 

Table VIII 

Clay analysis of Unao soils— Type I 


Localitir 


Hoiizon 


SiO, AiA FeA 

SlOa SlOj 

percent, percent* percent- Al,o7~ RjOg 

age age age 


Haribar- 
pur pit 
No. 1 


0-9 in. 
9 in.«2 It, 

2 ft.-3 it 

3 it^S ft 


On a joint consideration of the data presented in Tables III to VIII, one comes 
to tbe conclusion tbat the soils represented by this type show some signs of immaturity 
since the soil forming processes have not yet stabilized in the profile. ' 

Type 2A> By far the large majoiity of soils studied by us show that clay con* 
tents assume thoir marima at vaiying depths m the piofile, and after this maximum 
m reached, the clay content decreases like Type 1 described in the previous pages. 

three distinct textural horizons designated by ue a A, 
B and O. Borne of^ these sLovt along with tie eluviation uf clay, an accumulation of 
oalcium caruonate in the C horizon. Consequently we encounter two sub-types of this 
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major soil group, and amongst these, soils- without the ' z^me of accumulation of calcium 
carbonate form the majority. Yisual characters and the mcehaiiical composition of a 
typical formation of such sub-type, having no accumulaiicn of i3alcium carbonaLe, are de™' 
tailed in Table IX. 

Table IX 

Visual charmim a formation hating no calcium carbonate 


Nama of pit 

Horizon 

Depth 

1 

Description 

Mallawan 

A 

0 in.-l ft. 

i Keddish brown ; structureless loam ; alkalinity and 
i carbonates absent ; very poor in organic matter. 



1 ft.-2 ft. 

Same as above. 

1 Loam, heavier than above and more compact ; grey 


B. 

2ft.-3ft.\ 

1 with a trace of dark colour ; carbonates and aikaHnity 


B. 

3 ft.-4 ft. / 

absent. 



4 ft.-4 ft. 9 in. 

Sandy loam, with single grain structure ; organic 
matter and alkalinity absent. 


c, 

1 

4 ft. 9 in.-6 ft. 3 in. 

Sandy loam, lighter than above; single grained struc- 
ture; organic matter absent ; slight eServescence with 
hydrochloric acid. 


Locaiitjr 

Horizon 


Table X 

Mechanical analysis of Unao soils --Type 2 A 

Mallawan 


A 

' B, 

B. 

' 

Cl 

C. 

0-1 ft- 

1 ft.- 

2 ft.- 

3 ft.. 

ft.- 

4 ft 9 in,- 

2 ft. 

8 ft. 

4 ft 

4 ft 9. in. 

6 ft, 3, in. 

0.78 

0.03 

0.31 

0.80 

1,35 

1.09 

67.02 

60.99 

60,77 

62.50 

70.04 

77.50 

18.65 

13.65 

16.30 

15.10 

12.95 

11,35 

13.10 

18.05 

21.55 

20.25 

14.60 

9.8 

12.67 

11.36 

29.18 

22.21 

21.25 

26.16 

0.14 

0.21 

0.43 

0.50 

0.72 

0.50 

0.028 

0.029 

0.028 

0.026 

0.025 

0.049 

5,0 

7.2 

15.4 

19.2 

28,8 

10.0 


Coarse sand percentage ... 0.78 0.03 0.31 0.80 1.35 1.00 

Fine sand percentage ... 67.02 60.99 60,77 62.50 70.04 77.50 

Silt percentage ... 18.65 13.65 16.30 15.10 12.95 11.35 

Clay percentage ... 13.10 18.05 21,55 20.25 14.60 9.8 

Moisture equivalent per- 
centage 12.67 11.36 29.18 22.21 21.25 26.16 

Organic carbon percentage 0,14 0.21 0.43 0.50 0.72 0.50 

Total N percentage ... 0.028 0.029 0.028 0.026 0.025 0.049 

C|N 5,0 7.2 15.4 19 .2 28.8 10.0 

Soils possessing the characteristics similar to the proile described above occur in 
localities contiguous to the zone of occurrence of Type 1 and has an average breadth of 
about 20 miles comprising the whole of the highlands to the east of the flow of river Q-aiiges, 

Occurrence of small lime spots resembling star shaped white fungus mycellia are 
seen in the '0' horizon inmost of the profiles. The latter is one of the most outstanding 
secondary formation met with in the cases of profiles belonging to this aub-iype and 
from this poiut of view there seems to be no great fun clamental genetical difference 
between tue two sub -types of this group. A higher clay conteDt together with the high- 
est amount of colloidal matter towards the lower layer of the B-horizon tend to impede 
proper drainage in these profiles. This layer often has a /width of about 3 ft, although 
we have many cases where a width of about 5-6 ft has been met with* The mechanical 
composition of the profiles indicates marked eluviation of clay from the A-horizons and 
data on moisture equivalent also suggest colloidal matter accumulation in the lower 
layers. These figures substantiaie the obseivation on the visual characteristics of the 
profiles. Moreover, the figures for organic carbon and 0/N rat bs cf the continguous 
layers of all the profiles studied show that organic carbon also is trans-eluviated into 
lower layers. Data on chemical analysis of the profile are given in Table XL 
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Table XI 

Chemictd analysis of Unao soils — Type 2 A 


tXVI 


Locality 


Mallawan 


Horizon 1 

A 1 

B, 

B. 

B. 1 

C. 

C, 

Depth 

0-1 ft. j 

1 ft, -2 ft. 

2 ft.-3 ft. j 

1 

3ft.-4. ft 1 

4 ft-4ft.9m, 

4 ft.9in.*6ft 
3m. 

Moisture percentage 

0,52 

1.05 

1.28 

1.38 

0.95 

■ 0,67 

Loss*on* ignition percent- 

i 




1.89 

1.38 

age , 

1 1.59 

1.69 

2.13 

1.78 

Silica soluble in KOH 







in bulk sample per- 







cent age,' 

1.03 

2.16 

1.68 

1.33 

1,38 

1.23 

Insoluble matter in HCl 







percentage 

88A6 

85.78 

82.90 

83.60 

84.20 

85.98 

HCl soluble silica per« 







centage 

0.438 

0.530 

0.510 

0.470 

0.470 

0.306 

KOH soluble silica per- 







centage 

; 5.65 

6.41 

8.22 

9.01 

7.22 

5.32 

Silica in column 6 to sum 
of KOH &HC1 aolu. 







ble silica 

16.19 

31.12 

19.24 

14.03 

17.95 

21.85 

Fe^O, percentage ... 

2,76 

3.24 

2.40 

2.74 

2.20 

1.76 

AlgO, percentage 

6.76 

7.07 

9.86 

8.91 

10.04 

8.76 

CaO percentage 

0.25 

0.19 

0.26 1 

0.26 

0.30 

0.25 

MgO percentage 

0,05 

0,22 

0.04 1 

0.04 i 

0.08 

0.05 




Moisture an<5 loss-on-ignition figures are inyariably higher in ‘B’ horizon. We have 
had already indications of higher carbon content in these layers from Table X, Inso- 
luble matter in hydrochloric acid decreases in the B-horizon ; whereas, soluble silica 
tends to increase* Sesqaioxides, sped -illy alumina, show signs of eluviation from A.- 
horizon and accumnlation in B-horizon, Oalcium oxide appears to have been leached 
out from the fntire profile. The processes of eluviation and illuviation in these profiles 
will^ further be clear on an examination of the derived data in Table XII in respect 
of SiOs/BvOa, SiO^/AlgOs and Al^Oa/FegOs ratios of the so-called A-complex of these 
soils. 

Table XII 

Composition of A complex — defiveddata — Unao soils — Type 2A 




Locality 

Horizon 

Depth 

SiO* 

SiO, 

r 

AlA 




AlA 

R,o. 

FeA 

Mallawan 

'"a'"', 

0 1 ft. 

1.79 

1.37 

3.27 


B, 

1 ft.-2 ft 

1.66 

1.28 

3.42 



2ft.-3ft. 

1.50 

1.29 

6.44 


B, 

3ft.4ft 

1.80 

1.50 

5.10 


& 

4 ft.-4ft. 9in, 

1.29 

1.14 

7.16 

. - 


4ft 9in.‘6ft 3m, j 

1.09 

0.96 

7.81 


u ^ of SiOg/RjOa ratios it is clear that more of the sesquioxides 

nave been pleached down as compared to silica. Of the two oxides, iron oxide seems to 
pe iess mobile than alumina, since the ratio Al^jOg/FeijOs increases with depth and the 
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v&lue in the O 9 horizon is more than double of that in the top horizon. The pre- 
sence of feebly deposited iron oxide round about quartz particles jn the soil profile lead 
further support to the above indlcatLoii. From the j unt study of these dat 4 , it is clear 
that weathering of the A-complex leads to a condition of silica and alumina leaching on 
a large scale in these profiles. _ , ,, 

Data of water soluble salts are given in Table AlII and those of exchangeable 
bases in Table XIV. 

Table XIII 


Water extract andym of Unao soils — Type 2A 




i 


In mg. per 

cent 



Ixjcality 

Horizon 

Depth 

Total water ! 


Na i 


SO 




soluble 

Na,CO, 

HCO, 1 

Cb 

pB. 



i 

, 

solids 


i 




Mallawan 

. A 

0-1 ft. 

1 ft.-2ft. 

78 

66 

4 

3 

4 

3 

nil 

nil 

12.35 

4.12 

j 7.2 
. 7.2 



2 ft.-3ft. 

60 

nil 

3 

nil 

16.42 i 

6.8 


Bs 


42 

nil 

S 

nil 

nil 

1 6.8 


c, 

4 ft.-4.ft.9in. 

67 

nil 

4 1 

nil 

8.20 

6.8 


C, 

4ft 9m.*6ft.3in. 

305 

nil 

5 ! 

nil 

172.4 

7.8 


Tablb XIV 

Exchangeable bases of Unao soils — Type 2 A 


Locality 

Horizon 

Depth 

Total 
exchange- 
able 
bases 
m. e. 

percentage 

As percentage of 'S' 

Ca 

Mg 

1 

1 K 

i 

Na: 

Mallawan 

A 

04 ft.' 

6.3 

41.26 

31.75 

Trace 

26.99 



1 ft.-2ft. 

8.8 

34.50 

28.42 

0.88 

37.08 


B, 

2 ft-3 ft. 

10.5 

37.20 

23.81 

Trace 

38.99 


B, 

3 ft.-4 ft. 

11.4 

34.27 

26.32 

0.88 

■ -38.53 


Cl 

4 ft.'4ft.9m. 

9.8 

33.20 

25.51 

Trace 

41.29 

! 

, C. j 

4ft.9in,-6 ft.Sin, 

6.9 

56.61 

! 

36.23 

1 

Trace 

7.16 


'The zone of accumulation of salts is found in the la-^t horizon which corresponds 
with Ca horizon of our soils. Chlorides seem to be absent from the profile as a whole. 
The highest amount of sulphate is found in the horizon where the highest accumula- 
tion of soltible salts occurs. Lower ^H of this profile as compared to that of Type 1 is 
probably due to lower content of bi carbonates. _ 

Exchangeable calcium has bee found to be invariably nigh in all tr-e profiles 
studied, whereas, there is considerable fluctuation in exchangeable magnesium. The 
amount of exchangeable potash in these soils is rather too low in all the capes and 
in the Mallawan profile presented in the paper exchangeable potash is practically ab- 
sent Exchangeable sodium increases in the B-horizon. It appears, therefore, that due 
to the high percentage of exchangeable sodium in the complex, B. horizon tends to be. 
come impermeable. 
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[XIV 


The data on clay , composition of these soils are presenMd in Table XV* 

Table X? 


Clay analysis of Umo soils— Type 2 A 


' Locality 

Horizon 

Depth 

SiO, 

Percent- 

age 

A1,0. 

Percent- 

age 

Fe,0. 

Percent- 

age 

■ 1 

SiO., 

SiO, 

AlA 

A!,0. 

1 , 

R.O. 

1 

FeA 

Maliawao . 

! i 

^ i 

0-1 ft 

26.10 

40.24 

17.16 

LIO 

0.87 

3.67 


B, 

1 ft.-2 ft. 

46.63 

22.84 

17.16 

3.46 

2.34 

2,08 


B. 1 

2 ft.-3 ft. 

3053 

42,23 

16 37 

L23 

0.98 

4,03 


B. i 

3 ft.-4 ft. 

49.13 

20.63 

14,77 

4.04 

2.77', 

2.19 


c> 1 

4ft..4ft. 9m. 

63.05 1 

25.33 

16.77 

3.55 

2.50 

2.36 


c. 1 

1 

4ft. 9iQ.-6ft.3in, 

45,58 ■ 

25.04 

21.56 

3,09 

1.99 

1.82 



The projfile* studied at Mallawaa shows that considerable leaching of silica has 
taken place from the surface soil of this profile* Although in general the average 
values of silica/alumina and silica/sosquioxide ratios increase with depth, the proffle 
shows its silicious character throaghoat. It is clear from the foregoing considerations 
that weathering in these profiles tends to deplete the complex of silica. 

The position arrived at from general study of the data presented in 
Tablds X to XV is that the forces leading to the development of types of soil forma- 
tions represented by Type 1 profiles have been much more magnified in the forma- 
tions found in Type 2 profile. We find in this case that organic carbon has invariably 
been eluviated into the lo ver horizons. Olay and colloidal matter have also been sub- 
jected to this process. Bicarbonates and sulphates have been either washed out from the 
profile as a whole or have gone down to the deeper layers in the profile. The complete 
absence of chlorides from, the profiles is another evidence of the leaching processes. The 
character of exchangeable bases also, as a result of this leaching, has been considerably 
modified, so much so .hat in the case of the M alia wan profile we find almost complete ab- 
sence of exchangeable potash. Exchangeable sodium at the same time shows gradual 
increase in value in the B-horizons. The chemical analysis of all soils belonging to this 
type show eluviation of sesquioxides from surface to the B-horizon ; lime also shows the 
same trend ; and silica arising both froin silica decomposition and silica weathering 
indicates signs of eluviation from the surface soils. Although the behaviour in re- 
gard to magnesium oxide is rather erratic, we find its eluviaiiou ifroin the surface 
soils in Mallawan profile. The composition, of the A-complex of the various horizons of 
these soils show inte: sive silica and alumina leaching. 

Type 2 B. Ah has been stated earlier in the second sub-type we have the O-hori. 
zons differentiated from the re-fc of the profile by the accumulation of insoluble calcium 
salts in them. Such soils are met with further east of the localities where the foregoing 
sub-type occurs and are found at distances of more than 14 miles from the left 
bank oi the preseat course of the river Ganges. These two sub. type i occur together and 
almos& under the sam.^ topographical conditions in many localities. Tne differences in 
Ida composidoa of the parent alluvial material appear, therefore, to be one of the pre. 
disposing causes leading to the development of this peculiar soil type. Descriptions 
of two typical profiles are given in Table XVL 
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Taels XVI 

Descriptions of two typical profiles — Type 2B 




Name of pit 

Horizon ' 

Depth ' 

Description 

Rahmatpur 

A 

0*1 It- 4 in. 

Grey stfuctii.reless loam ; friable, alkalinity 
and organic matter . absent ; carbonates pre- 
sent In traces. 


B, 

1 ft. 4 iii.-2 ft. 6 in. 

Structureless loam, grey slightly heavier than ,, 
above, organic matter a.iid alkalinity absent 
and carbonates present in traces. 



2 ft. 0 in.- 2 It. 9 in. 

Struclareless loam, whitish grey heavier than 
.above, orga,nic .matter and alkalinity absent; 
lime kmhar present in traces. . . , 


C, 

2 it- 9 in.-4 ft. 5 in. 

Greyish , white, structureless loam . lighter 
than above ; slightly ' alkaline with marked 
am.ount of lime nodules present^ organic mat- 
ter absent. 


C, 

4 it. 5 in,.5 ft. 6 in. 

Greyish white, structureless sandy loam, large 
,a.mount of lima nodules present, soil is slight- 
ly aikaiine very poor in organic matter. 

Sarauti 

A 

0-1 ft. 

Light yellow ' loam, structureless but com- ' 
pact. Trace of carbonates present. 


B, 

1 ft.*l ft, 8 in. 

, Light yellow heavy loam, carbonates present: 
in traces, ' so,ii structure not pronounced but ' 
resembles clods. 



' 1 it, 8 in.^2 ft. 4 in. 

Light yellow loam, with lime nodules, pre- 
sent in appreciable quantities, Alkalinity^ 
absent. 


c. 

' 2 ft. 4 in.-3 ft,, , 

Same as above, but slightly' lighter ' with 
large amount of lime nodules. ■ 


C, 

„ 3 ft.-3 ft 8 in. 

Light loam, greyish w.hite' ..with' a, ydlowish ■ 

■ tinge. Lime nodules present in marked quan- 
, titles. 


A thorough chemical, physico-chemical and mechanical study of this Bub-type indi- 
cates to a great extent the extremely marked leaching in progress in the profile s re- 
presented by those studies at Baamatpur and Sarauli villages. We find in this case as 
m the case of the first sub-type el aviation of clay, colloidal matter, organic carbon, silica 
arising both from silicate weathering and silicate decomposition, sesquioxides, alkaline 
bases, sulphates and chlorides. Therefore, we consider the soils presented in this sub- 
group to have all the essential dynamic characteristics of the soils presented under the first 
sub-group. 

Type S. Occurring in the same zone as Bahmatpur profile we have another type 
of soil formation which visually appears to have characters which differ somewhat 
fundamentally from those desciibed in the foregoing pages. This soil-compiex does not 
by any means occur over wider areas than the foregoing types and aie found aa isolated 
islands Visual description of a lypical profile belonging to this type aie detailed in 
Table XVII and d:.ta for mechanical composition,^ niorstuie e:iuivaie**t and organic 
n trogen and carbon contents are presentee in Table XV HI. 

Table XVII 

Visual description of a typical profile— Type S 




Name of pit 
Asbakhera 


0-Ift. 1 in. 

1 ft. 1 in.-2 ft. 3 in. 

2 ft. 3 in. *3 ft. 11 in. 

3 ff 11 in..4 ft. 8 in.) 

4 ft. 3, ft- 4 imj 


Description 

Reddish yellow, loam, structureless. 

Same as above. Organic matter. Aikaiinity and carbo- 
nates absent. 

Brov/nish yellow ioam, heavier than above, with no 
pronounced structure. 

Loam, structureless, alkalinity and carbonates absent. 
Brownish yellow in colour- 


M, 


88 

8U 

bs 

ah 

th: 

dif 

Of 


274 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 

Table XVIII 

Mechanical analysis of TJnao soils ~TyPe 3 


[XVi 


Locality 



Ashakhera 



Horizon 

A, 

A. 


C, 


Depth 

0-1 ft. 1 in. 

1 ft. 1 in.- 

2 ft. 3. in.. 

3 ft. 11 in.- 

4ft Sin.. 

2 ft. 3 in. 

3 ft. n in. 

4 ft. 8, in. 

5 ft. 4 in. 

Coarse sand percentage 

1.65 

0.54 

0.37 

0.79 

0.54 

Fine sand percentage 

50.75 

55.09 

51.45 

52.51 

55.18 

Silt percentage 

16.00 

12.00 

13.75 

11.90 

15.15 

Clay percentage 

Moisture equivalent percent- j 

28.15 

27.30 

20.80 

31.60 

29.16 

age 

17.80 

22.87 

19.16 

17.04 

14.61 

Organic carbon percentage ... 

0.28 

0.14 

0.29 

0.29 

0.29 

Total N percentage 

0.053 

0.039 

0.027 

0.035 

0,086 

C/N' ■ ■ 

5.3 

3.7 

10.6 

1 

8,2 

7.9 




Horizon boundaries were clear enough in the case of Ashakhera profile. In this 
case the soils had no structure and were reddish yellow in colour. The soils belonging 
to this group are mostly friable light loams. 

In Ashakhera profile the clay content is sufficiently high but the soil is friable on the 
surface. There is a very slight indication of the translocation of clay to the lower hori. 
zons. The moisture equivalent figures in these soils are rather low and there is some 
indication of eluviation of organic carbon. The variation in clay content with depth was 
found to be silimar to that in the secoad^type. 

The results of chemical analysis of these soils are given in Table XIX. 


^ > 


Table XIX 

Chemical analysis of Unao soils- 


-Type 3 



Locality 





Ashakhera 



Horizon 

A. 

A, 


c, 1 

C. 

Depth 

0-lft. lin. 

if t. lin. -2ft. Sin 

2ft.3m.-3ft,llin. 

3ft.llm.-4ft.8in. 

4ft. 8in,-S 
4in. 

Moisture percentage . , . 
LossK)n-ignition percent- 

0.48 

0.46 

OM 

0.62 

0.60 

■ager 

1,99 

1 64 

1.11 

2.23 

1.71" ' 

Silica soluble in KOH 
in bulk samples per- 




centage 

Insoluble matter in HCl 

2,67 

2.96 

2.46 

— . 

3.94 

percentage 

HCl soluble silica per- 

89,73 

89,77 

86.49 

85.36 

85.05 

centage 

0.114 

0.134 

0.282 

. 

0.234 

KOH soluble silica per- 



centage 

3.51 

6.47 

8.63 

■ ■ 


Silica in column 6 to 
sum of KOH and HCl 




soluble silica , 

73.76 

44.85 

27.61 


67.93 

Fe^Oa perc en tage 

0.68 

0.80 

1.04 

1.24 

1.68 

AlgOa percentage 

5.70 

6.23 

8.47 

8.40 

8.12 

CaO percentage ... 

0.15 

0.14 

0.15 

0*14 

0.14 

MgO percentage ... 

0.74 

0.95 

0.97 

0.77 

0.74 
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Sygro3c ipio moisrare is higher ia lower layers. Insoluble matter in hydrochloric 
acid decreases in the lower horizons. Silica soluble in 5 per cent potash are higher noi B. 
horizon. Particularly remarkable, however, is the high amount of siltca arising out of soil 
decomposition m the first horizon of this proiiie. Ii'on and aluminium oxides seem to have 
been eluviated from the surface soils. Although ou an average containing very low amunt 
of lime this ingredient does not show any great, fluctuation between the different horizons 
Magnesium oxide, however, seems to have been eluviated to the second horizon. 

The acid base ratios of A-complex of these soils are presented in Table XX. 


Table XX 

Composition of A-complex derived data — Unao soils — Type 3 


— — 

Locality 

Horizon 

Depth 

! SiO, 

1 

SiO, ' 

AlA 



1 

1 AiA 

RA 

Re.O. 

Ashakhera ... 

A, 

0-lft.lin. 

L07 ; 

LOO 

13.14 


Aa 


1.79 

1.66 

12.21 


B, 

2ffc.3m..3it.nm, 

1.78 

L65 

12.77 



3 ft 1 Hn.-4ft.8m. 

— 

— 

... .. 


c. 

4ft.8m.-5ft.4in, 

1.21 

1.00 

0.76 


In ihis profile we find leaching down of silica from Ai-horizons ; the A-compiex 
of the surface horizon of this profile contains very low amount of silica relative to 
sesquioxides AlaOjFesOs ratio shows slight accumulation of alumina m surface soils. 
Like the pits studied at Hariharpur we have in-^these cases an evidence of leacamg 
down of iron in the profile indicating slight tendency for podsoliz^ion. 

Data on water extract of these soils are presented in Table XXI. 


Table XXI 


Anedysis of water extract — Unao soils — Type 3 


Locality 1 

Ashakhera 

Honzon 

A. . 


B. 

C, j 

C, 

Depth 

04it.lm. 

lft.lin.-2fL3m. | 

2fti3in.-3ft.llm. 

f 

1 3ft.llm.-4ft. Sin. 
f 

4ft.8m,-5ft,4in, 

Total water solu- 
ble solids 

Na.CO, i 

NaHCO,/«S8- 

SO. ) 

: 64 

nil 

32.0 

nil 

24.70 

7.2 

78 

nil 

46.0 

nil 

4.12 

7.2 

114 

nil 

88.0 

nil 

4.12 

8.4 

108 

ail 

96,0 

nil 

8.24 

8.4 

94V." ' 

nil 

75,0 

Trace .. ' 

12.35' 

..' '.8,4 


In Ashakhera profile water soluble salts show a zone of accumulation in the 
B horizon. Bicarbonate shows high values in and Gx-horizons. Ghlorides seem to 
be absent from the profile as a whole. The behaviour in regard to the sulphates is rather 
"■ erratic The difference in values between the A and B horizots of Ashakhera profile 
is v*ery marked. This difierence is due to the oha.-acter of exchange complex of these soils, 
data on which are presented in Table XXII. 
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Table XXII 


Exchangeable bases of Unao soils — Type S 


Locality 

Horlxon 

Depth 

1 Total 
exchange- 
able bases 
m. e. 
percent- 
age 

As pcicentage of 'S' 

Ca 

Mg 

K 1 

j , Na 

AsLakhera 


04ftain. 

7.0 

55.86 

35.71 

8.02 

^ 0.41 


A, 

1 ft, lm.»2 ft. 3 in. 

7.3 

47.54 

27.40 

6.58 ] 

18.48 



2 ft. 3m.-8ft. 11 in. 

14.1 

21.56 

14.19 

2.80 , | 

61.45 


c, , 

3 ft. 11 m-4fL Sin. 

11.3 

19.29 

13.28 

4.25 

63.28 


C, 

4ft. 8 iu.-S ft. 4 in. 1 

12.1 

18.02 

12.40 

2.58 

67.00 


Particularly noticeable is the fact that Ai- and Aa-horizonsl of Ashakliera profile 
contain very low amount of total exchangeable bases, whiejti consist of nearly 75.90 per cent 
of calcium and magnesium cations. The high amount of exchangeable sodium in B.horizon 
of this profile has been due to leaching of salty solution in the past. The absolute 
impoverishment of the A-horizon in regard to exchangeable sodium which differentiates 
this group from tie others will be discussed later. 

The composition of the clay fractions of this profile is given in Table XXill, 

Table XXlIl 


Clay analysis of Unao soUs’-^Type 3 


Locality 

Hodxon 

Depth 

SiO, 

percent- 

age 

AlA 

percent- 

age 

Fe,0, 

percent- 

age 

' i 

SiOa 

SiO, 

A1,0. 

Al.O. 

k,6. 

Fe,0. 


A, 

0-1 ft. 1 in. 

46.86 

23,74 > 

14.26 

3.346 

2.418 

2.606 

Aihakhera | 

A« 

1 ft. 1 m.-2 ft. 3 in. 

46.18 

28.58 

14.62 

2.738 i 

2.064 

3.060 


B. 

2ft.3in.-3ft. 11 in. 

45,30 

28.34 

14.21 

2.709 

2.050 

3.112 


c. 

3 ft, 11 in.-4 it, 8 in. 

13.74 

60.04 

13.86 

0.388 

0.338 

6.782 


C, 

4 ft. 8 m.-5 ft. 4 in. 

28.16 

45.08 

14.62 

1.059 

0.877 

4.827 


In this we find the largest amount of silica in A^-, A,- and B,. horizons. In this 
profile the horizons which appear to have sesquioxidic character are the 0^“ and O^- hori- 
zons*^ ■ 

The foregoing tables make it clear that soils represented by profile studied at 
Asbakhera village are in fact “Degraded sodium or ‘boloti soils'. We find in these 
profiles, slight eluviations of clay, colloidal matter, organic carbon, soluble silica, 
magnesia and sesquioxides, and a considerable enricbment of the clay complex in the 
lower horizons with sodium. The absence of exchangeable sodium in the surface soils and 
the presence of sodium bicarbonate in these profiles lead one, therefore, to the belief that 
sodium complex in the surface soils has been degiaded- buuce we did not find any ex. 
changeable hydrogen in the surface soils it can further be assumed that hydrogen clay 


277 


: GANGKXIC ALWVIGM OF U. K, I 

which ^results according ^to the Sigmond's theory [19S8J by hydrolysis of sodium clay has 
beea /decomposed into silica and sesqaioxides. This assumptioii is further Terified by a 
Tery low amount of total exchangeable bases in the surface soils.. 

Discossion 

The present study of the soils of the TJnao district in the United Provinces inier 
alia thmwa some very useful light on the dynamics of a part of the Q-angetic alluvium 
which represents the soils of the mojor part of the central United Provinces. 

The^ profile differentiations i.oto marked hori‘ 2 ons are absent in most of the soils of 
this region. In many cases, ho.vever, we have evidence of the existence of textural 
horizons. The 0-borizons of mo^ of these soils are very sandy. The largest amount of 
silica arising out of the soil decompodtiori is conli.-ed mostly to first two horizons. Bilica 
plubk in 5 per cent KOH, i. e. silica arising from the weathering of silicates, is illaviated 
into B-horizons. Besquioxides show signs of translocation from A-horizons, a tendency 
which is shared more or less by the alkaline earth minerals. 

The total water soluble salt content in general of all the profiles are not verT high. 
Bicarbonates and sulphates form the t.wo chief anions of the water extract. The bulk of 
the cations in the water extract has been found to consist of sodiuoi. A large percentage 
of exchangeable bases consists of calcium and its total with magnesium amounts to over 
60 per cent of the tokd exchangeable bases in most of the cases. Exchangeable potash 
is extra rnely low, and there is an appreciable amount of exchangeable sodium in the com- 
plex. In all the cases we find the evidence of the increase of sodium cation of the complex 
in the B-horizons, and nowhere is its percentage less than 12. These soils are, there- 
fore, mainly sodium soils but are conspicuous by the absence of any well developed 
structure in the B-horizon as has been met with in the sodium soils of other countries. 

Olay analysis data presented in the body of the paper show curiously enough some 
very peculiar features. Bilica/sesquioxide ratio for some of these soils is much too low, 
showing some resemblance to clay characteristics of laterites as painted out by Martin and 
Doyne [1927]. But as will be shown presently these soils can by no means be classed as 
laterites, thus showing as has already been indicated by recent workers [Joachim and 
Kandian, 1941], the inapplicability of the ratios to a large variety of tropical soils. It 
becomes clear from the analytical data that the soil is subjected to intense disruptive 
action, which breaks down the c’ay complex and translocates the acidoid fraction. 

The jfirst sub.type of Type 2 has well developed horizons of eiuviation and accumula- 
tion. Prom the visual descriptions it is clear that tendeacies for the accumulation of 
calcium carbonate exist in the third horizon. The total water soluble salts, chlorides and 
sulphate all go to show the effect of leaching. The exchaogeable complex shows signs of 
gradual enrichment in sodium cations even in the O-horizon. Tne clay complex generally 
shows signs of disrupiion on the surface and el uviation of silica Although these condi- 
tions show solonetz features yet no typical solonetz struc ure is apparent. In some of the 
profiles of this type we have appreciable amount of soluble salts. We have, from a 
thorough consideration of all the data, classified these soils under the broad group of 
saline alkali soils, ^ though the profiles represented in this paper in many respects have 
solonetz features. The predisposirig cau-es leadmg to the development of saline alkali 
soils must have been a salinio condition of the siirface-soil in the past originaiing in the 
cases of alluvial soils of tJangetic alkivmm from weathering of the soilitself. 

In the second sub-group of Type 2, we find an aGCumulation of calcium carbonate 
in the form of kankar nodules in the 0..borizon. All other features are more or less similar 
to those found for soils belonging to the first sub-type. The processes leading to the 
formation of the soils of the two sub-groups of Type 2 are not very dissimilar and the 
cause of the occurrence of the zone of lime accumuiation in the case of one sub.type must, 
therefore, be assigned to differences in the parent materials themselves. 

We have already given an account of ti e immature character of the soils repre- 
sented by Hariharpur 1 profile. Here, however, it could be easily seen from the data 
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of soil formation tend to a development of soil type similar 
to that of salty alkali soilS; In view of the fact that the exchangeable com- 
plex contains more than 12 per cent sodium, i‘ seems tliat the first stag 3 of soil formation, 
viz. the so-called saline soils of Sigmond’s [1938] first stage lias been absent in the 
dynamics of the development of TJnao soils. This could be explained by the supposition 
that the.'re sodium soils of Unao are the cumulative effect of salinization and desalinization 
processes taking place within the same year. The immature character of the soils of first 
type have been fully discussed earlier and these soils may be classified as immature 
salty alkaline soils. 

The soil formation represented by profile from Ashakhera is different from 
other sods of Unao diwStrict by the existence of a nuniber of peculiar features. The 
absence of sodium cation from the surface soils and relatively lower amount of total ex- 
- changeable bases in these horijrons together with very high amount of exchangeable 
sodium in the sub-so'ls point to a stale of degradation of: sodium soils. Although in 
Aehakl era profile the absolute values of silica/sesquioxide rakos in contiguous horizons 
show resemblance to podsols, we have noti in this particular case detected any hydrogen 
clay and the base exchange complex is highly saturated. The chemical analysis of these 
soils also show mobilization of soluble silica, sesquioxides and lime- We therefore con- 
sider, particularly in view of reddish brown colour of the surface soils and in view of 
the character of A complex, these soils to he a variety of tropical Bed Loams arisiog out 
of the degrad ation of sodium soils. 

Summary <7 ^ 

1. The soils of Unao district forming a part of Gangetic alluvium and lying on the 
left bank of the river have been studied from the point of view of their mechanical com. 
position, chemical characters, total and individual water soluble salts, composition of 
exchangeable complex and chemical character of colloidal clay. Three genetic types 
of soils have been found to occur in this area. 

2. The first type has been classified as immature salty alkali soils. The soils 
belonging to Type 2 which occupy by far the largest part of Unao district have been 
classified into two subJypes as salty alkali soils without zone of accumulation of calcium 
carbonate and salty alkali soils with a zone of accumulation of calcium carbonate. The 
pedological characters of tie third group of sqOs show signs of degradation and have 
been classified as degraded salty alkali soils. 

3. It has been suggested from a thorough study of data that the frequent occurrence 
of alkalinity in the soils of Unao district has been due to downward leaching of salty 
solutioDS arising primarily from soil decomposition. It has also been suggested that sodium 
soils on further degradation tend to assume characters of zonal soil types. 
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EFFECT OF STORAGE ON RAPE-SEED AND RAPE-OIL 

By Zafae Alam*, B. ?o., Ag. (Pdnjaq), M, Sc. (London), Botanist for Oilseeds, and 
SuLTAM Ahmad^, B.So,, Agr. (P ON jABj, Chemical Assislant, Oilseeds SeetioE, 

Punj ib AgriciiUural College and Research Institute, Lyallpur 

(Received for publication on 23 July 1945) 

I MPEOPBRLY stored seed undergoes deterioration rapidly and yields a crude oil of 
_ inferior quality, and a poor crude oil, in turn, yields products of low quality, .^unilany 

oil that has suffered daterioration, through improper storage, either gives a low output of 
low.quality products or is totally unfit for use in the preparation of high-grade products. 
Thus in any scheme aiming at the establishmeTit of oilseed-crushing industry m Inclia on 

sound lines, the quesdon of proper storage of seed and oil must occupy the centre of the 

stage and claim piiority of attention. Unfortunately the problem of proper storage of 
oilseeds and oil has so far remained neglected, and this paper contains the resmts of experi- 
> ments to a'^sess the effecc of different " lengths and methods of storage on^ the quaiit) oi 
^ y ■ as well as on the quality of the oil expressed from such differenliy stored 

seeds, BJid the effect of different lengths of storage on the quality of rape.oii 

^ ^ of analyses employed in connection with the studies reported in this 

paper were those given in the 1935 edition of of the AssoctaUon of 

Official Agricultural Chemists, U, S. A. 

♦Both the writers are to be regarded as joint authors without anyone’s seniority over the other. 
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Effect OF STORAGE ON SEED 

Methods and maietid. Ab studies had shown that on storage unde r- dry, 

unripe ai d damaged rape- seed deteriorates rapidly, and as this fact is too well-known 
to oilseed traders and processing estabTshments to need any extensive experimental cor- 
roboration, fuch seeds were excluded from the present studies. Consequently only dry, 
fully ripe, sound and fresh seeds of totia {Bmssica campestris L., var ioria D. and E.), 
brown-seeded L., vb-v. dichotoma Watt.), yellow- needed sarsofj fB. 

triloculans H. f. and T.) and mya (B, juncea H. f. and T.), which all are commercially desig- 
nated as ‘rape-seed*, were employed in these studieeC Tfac^ seeds were stored in the 
laboratory i'l lidless metallic containers and in gunny bags to simulate bulk and bag 
storage of trade, respectively. The experiment was carried out for a period of two years, 
longer pe'i'od having been considered unnecessary in view of tie fact that normally there 
will be no need for oilseed-crushing establishments to carry stocks of rape-seed for more 
than a year, i. e. from one harvest to another. 

Samples from die aforesaid two differently stored lots of seeds were withdrawn at 
four.monthly intervals and small portions thereof analysed for their oil and nitrogen con- 
tents. Fur liber determiiiations on the oil expressed from the remaining portions of seed- 
samples were made in respect of specific gravity at acid value, saponification 

value and iodine value. The figures obtained from these aralyses were comparid with 
those obtained from similar determinations made on the seeds under study at the time of 
starting the experiment . 

Results and mndusims. Only the final figures obtained at the end of two years* 
storage have been given in Table T, those for intermediate periods of storage having 
been excluded as they exhibited no marked differences and would thus have unnecessarily 
increased the bulk of this paper. Alongside these final figures, those obtained in respect of 
original seed have also been given for comparison. 


Table I 


Effect of storage on rape-seed 


Results of analyses 


Name of Method and 

oilseed period of 
storage 


Tofia Fresh, 
original 


sample 


Stored for 
2 years: 

(a) in bulk 
in lidless 
containers 

(b) in 

gunay bags 


Seeds . | 

j Oil freshly expressed from seeds 

Percentage 
of oil 

Percentage 
of nitrogen 

Specific 
gravity 
at 15,5X. 

Acid 

value 

1 

; Saponifica- 
tion value 

■ ■ ;■ ■ ri 

Iodine 

value 


2.98 

0.915 

1 

1.36 

180.6 

104.5 

44.79 



1.88 

178.4 

102.7 

44.98 

3.15 

0.915 

1.70 

179.7 

102.3 
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Table I 


Effect of storage on rape-seed— coTicsld. 




Results of analyses 

Name of 

^Method of 

Seeds 

Oil freshly expressed from seeds 


oilseed 

period of 
storgae 


f 





Percentage 

Percentage 

Specific 

Acid 

Saponifica- 

Iodine 



of oil 

of nitrogen 

gravity 
at i5.5®C, 

value 

tion value 

value 

Brown- 

Fresh, 




0.82 

186.4 


seeded 

original 

48.83 

2.83 

0915 

100.9 

sarson 

sample 








Stored for 

2 years i 








(a) in bulk 
in lidless 

48.04 

2*97 

0.915 

0.77 

188.8 

102,8 


containers 








(b) in 

gunny bags 

[ 

48.44 

2.76 

0.914 

1.09 

187.5 

98.2 

Yellow- 

Fresh, 

48.48 

3.25 

0.914 

0.82 

191,3 

101.6* 

seeded 

original 







$ar$on 

sample 








Stored for 

2 years: 








(a) in bulk 

In lidless 

48.42 

3.15 

0.915 

0.70 

188.5 

101.3 


containers 








(b) in gunny 
bags 

48.06 j 

3.22 

1 

0.915 

0.87 

182.1 j 

98.8 

Raya 

(1^18) 

Fresh, 

original 

sample 

40.50 

3.67 

! 0.915 

2.23 

i 

193.1 

106,1 


Stored for 

2 years: 








(a) in bulk 
in lidless 








containers 

40.27 

3.50 

0.914 

2.18 

193,5 

103.9 


(b)in 

gunny bags 

39.06 

3.67 

0,915 

2.87 

191.7 

104.4 


It mil be seen from Table I that the figures obtained for the seeds stored for 
two years, whether in bulk or in bags, do not show any appreciable differences either 
between themselves or from the initial values obtained in respect of the fresh, original 
seed-samples. Slight variations exhibited by the figures are of no practical import 
because they are of such a nature as lall within the limits of experimental and sampl- 
ing errors The obvious conclusion, therefore, is that if dry, fully ripe, sound and fresh 
rape.8f ed is etored, whether in bulk or in bags, in well-ventilated stores, impervious to 
rain or seepage water, the seed does not undergo any deterioration at all for a period of 
two years at least. This good keeping quality of the rape-seed is attributed generally 
to the fact that the oil contained in it acts as a preservative. The oil probably also acts 
as a deterrent to insects as no insect pests are so far known to seriously attack rape-seed 
specifically in stores. Eats, black ar ts and white.ant8 damage the stored rape seed if 
they can have access to it, but their depredations can be entirely checked if the seed is 
stored in godowns having cemented floors, cement- plastered walls and fiat ceilings, and, 


'I 

I 
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if possible, having on all the four external bouudaries, with no bridges across it, a small, 
narrow, cemented drain in which water may be kept standing continuously to prevent 
incursion of black an ts to stores from outside. 

Effect of STOEi,QB on oil t 

Review of past work. As already stated no work has been done in India on changes 
that take place in rape-oil on storage. Some attention has been given in other countries 
to evaluate changes occurring on the oxidation of drying oils, but even there no^^-drying 
or semi-drying oils (between which two classes of oils, the rape-oil occupies an intermedi. 
ate position) do not seem to have been studied from this standpoii t and very little 
published literature exists on the subject. The only notable contribution in this direction 
is that of Gripper [1899] who has given characteristics of old rape-oils kept in corked 
bottles in full daylight from 4 to 10 years. Air had access to the oils under experiment. 

By working on these oils which had absorbed oxygen gradually, he adduced evidence in -4 

support of the findings of Thomsm and Ballantyne [1892] on blown rape-oil to the effect 
that as the specific gravity and potash absorbing power increased there was a pro. 
porcionate decrease in iodine absorption, and that the change was not attended by the 
development of any considerable amount of fatty acids. LaterProcter and Holmes [1905] 
showed that as the time of blowing rape-oil with air at 100 °O. increased, the specific 
gravity and refractive index of the oil increased but the iodine value decreased cor- 
respondingly. 

Methods and material. As the oils obtained from seeds of the aforesaid four species of 
plan:s grouped commero ally under the term rape-seed do not show much variation a.moug 
themselves, only oils of toria and brown-seedad sarson were employed for experimental pur- 
poses. Samples of these oils, expressed from the seeds of these two crops obtained from 
a number of Agricultural Farms in the Punjab, were put in clean glass-stoppered (but 
not airtight) bottles which were placed in a cupboard to shut out the light. The samples 
were stored for a period of six years and at yearly intervals small quantities were with. ^ 
drawn from the bottles and analysed for some of their physical and chemical conslante. 

At the time of withdrawing samples no precautions were taken to exclude air which 
consequently had free access to the oil during this operation. 

Results and conclusions. The results obtained are given in Table II, wherein values 
obtained for fresh oil are also added for comparison. 


Table II 

Effect of storage on rape-oil 


Kind of 
oil 

Age of 
oil 

Specific 

gravity 

at 

Acid 

value 

Saponifi- 

cation 

value 

Iodine 

value 

Remarks 

Ton# , 

Fresh 

0.915 

2.62 

174.1 

102.9 

Average of 

oil 

One year old 

0.915 

4.31 

175.3 

103.4 

8 samples 


2 years old 

0.916 

5.09 

177.8 

102.3 



3 years old 

0.916 

5.96 

174.2 

99.7 



4 years old 

0.919 

7.43 

179.7 

98.3 

Average of 


5 years old 

0.923 

10.01 

183.9 

99.9 

7 samples 

Average of 


6 years old 

0.925 

13.60 

1 ^ ' 178.9 ■■ 

i 100.2 

6 samples 

Brown 

Fresh 

0,915 

1 0.65 : . 

176.4 

! 

102.9 ' 

Average of 

sarson 

oil 

One year old 

0.914 

i 1.60 

176.4 

i 

102.9 

12 samples 


2 years old 

0,915 1 

2.20 

178.0 

102.1 



3 years old 

0.915 

L 3.39 

181.7 

101.5 



4 years old 

0.9J7 

1 3.96 

177.7 

iOO.vS 



5 years old 

0.924 

1 4*91 

181.6 

97.9 


L 

6 years old 

0.924 

8.62 

179.5 

99.2 

it : ■ 
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It win be seen from the figures given in Table II that : 

(i) The Acid value has shown a progressive and marked increase with the 

passage of lime, _ it having increased irom 2.62 and 0.66 in fresh 
ioria and sarson oils, respectively, to 13.60 and 8.62 in six years old 
oils. 

(ii) There is a general tendency for the specific gravity to increase with the 

age of the oil, the increase being particularly discernible after the oils 
had become more than three years old. 

(iii) As compared to fresh oil, the iodine value is lower in all samples more 

than one year old. 

(iv) Though the saponification value has exhibited no regular tread, yet, as in 

all cases (excepting one in which it is equal to that of fresh oil) it is 
higher in old samples than in the fresh ones, it may be inferred that 
there is a tendency for the saponification value to increase in old 
samples. 

The above findings are in line with those of Gripper (1899) who found that with 
an advance in the age of rape-oii (to which air aad accessj specific gravity, saponification 
value and soluble free fatty acids increased, while iodine value decreased. 

Athawale, Duke and Mathur [1938] after examining a large number of samples 
from all over India suggested the following range of physical and chemica- constants, 
among others, as characteristic of pure commercial mustard (rape) oil produced in India : 

1. The specific gravity of ihe Oii at 15.5°C./i5.5°0. ahouid not be lower than 

0.912 nor higner than 0.916. 

2. The saponification value of the oil should not be less than 169 nor higher 

than 178. 

3. The iodine value of the oil should not be leas than 96 nor higher 

than 108. 

4. The acid value of the oil should not exceed 5. 

Appljing these criteria to the figures given in Table II, it will be seen that so far 
as the iodine value is concerned, the figures given both for toria and brown sarsaw oils 
fall within the range suggested above; that as regards specific gravity, botn the oils 
come up to commercial standard up to three years of storage ; tnac m the matter of saponi- 
fication value, ioria oii for three years and brown sarsott oil for two years of storage 
did not transgress the limits suggested above; and that in respect of the acid value, 
tom oil for nearly two years and brown sarson oU for five years of storage remained 
within the maximum limit suggested. 

Considered from the standpoint of above iimits, it may be taken that, imder the 
conditions of the experiment, bothiiwta and brown sarsoM oils would pass muster as pure 
commercial rape-oil up to two years of storage. As already stated some air had access 
to these oils in this experiment, but if the air had been entirely excluded it is possible 
that the oils would have retained their status as pure commercial rape-oils for a con. 
siderably longer period as was found to be the case by Gripper m his studies on rape- 
oil to which air had no access. 

SOMMAET 

The results reported in this paper ' represent the first attempt made in India to 
assess experimentally the changes that rape-seed and rape-oil undergo during storage. 

Seeds ot ioria {Brassica campestris L., var. ioria D. and IT.), brown-seeded sarson 
B. campesirislt., vat. dichotoma Wskit.), ysliow-seeded sarson {B, trUocularis H. f, and T.) 
and raya{B.juncea R. f. and T.) are designated commeicialiy as rape-seed. If dry, 
fully ripe, sound and fresh seeds of these plants are stored, whether in buix or iu bags, 
in well- ventilated stores, impervious to laia or seepage water, the seeds for a period of 
two years at least undergo no deterioration iu ^quality as judged by their oil and nitrogen 
contents and from the determinations made in respect of tne specific gravity, acid value, 
saponification value and iodine value of the' oils’texpressed from them. 
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Tom and brown wson oils when stored for a period of six years under conditions 
in which air had some access to them, did not undergo, for a period of two years, a 
change in their physical aiKl chemical constants to such an extent as would have placed 
thfem beyond the pale of pure commercial rape-oil. 

With an increase in the age of the oils, the acid value increases markedly, and 
the specific gravity and saponification valne exhibit a tendency to increase, while the 
iodine value shows a tendency to decrease. 
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B erseem is one of the most favouri fodder with owners of live^stock because it 
yields several cuttings of highly nutritious fodder for about six months in a year and 
is available in late JSfovember and continaes right up to the wheat harvesting season 
when other green fodders are not usually available in the Punjab. In addition, it en- 
riches the soil owing to its nitrogen fixing power. 

Increasing the yield of such a usefol fodder is a matter of great economic imi>or- 
tance. The yield depends not only on the supply of water and the fertility of soil, but 
;^8o upon the fiequency and intervcds between cuttings. Many workers, notably Pater, 
son [1 1" 33.35 J Wilsie and Takahashi [1937], and Lander [1942], report that the frequ. 
ency of catting affects both the quality and quantity of fodders and grasses. iSTo syste- 
matic work has so far been done on berseem on these lioes. An experiment was, there- 
fore, carried out w.ith a view to studying the relationship between the inteivals of 
cuttings and the yield and quality of berseem, the results of which are reported in this 
paper. 

Experimental 

A piece ofisland measuring about one and a half acres was selected at the LyalL 
pur Agricultural Earm. Four viz. 16, 30, 45, 60 days’ io-tervals between 

the siicc'^ssive cuttings were tried on the randomized block system with six replicates. 

The relevant details of the experiment and the Agricultural operations carried out 
are given below, : 

A. In ter val between successive cuttings 16 days. 

L. ' „ , „ ,, „ ^ ^ 

Size of eaohplot 106./^ ft. x2d49ft.===l/2^^ 
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Prelimimry cultivation 

One ploughing with a furrow ■ turning plough followed by three plougMags with 
the dm plough aad subsaqueat tillage, with horee-l^oa and 'sohaga were carried out* 

Date of so.wirig 30-9J.94i 

Seed rate 12 seers par acre 

Previous crop Barsaem 

No. of irrigations 12 

. ^ Guttings were obtained from individual plots on dates reckoned from 9.12.1941, 
this being the date of first common cutting in this experiment Fresh weight of gmen 
herbage removed was recorded each time. Representative sample..-^ of fodder obtained 
from all the plots were chopped immediately and dried in m ■.ir-uveu an«i ash, protein, 
calcium, phtisphorus and potassium were estimated in each of ihe samples. 

Methods of analysis followed were those recommended by the A.Bsociations of Official 
Agricultural Chemists [1940]. 

RBsux/rs 

The average chemical composition of the fodder obtained from different cutting treat- 
ments is given in Table I. These data have been arrived at by dividing total quantity of 
individual constituents obtained per plot throughout the growing period after 9.12.1941 by 
the dry matter in that plot and expressing them as percentage of dry matter. 

T4BLB I 

Av^age diemical composition of herseem with different 
intervals of cuttings 


Serial 

No. 

Plot 

No. 

Percentage 
of dry 
matter 

Percentage of oven-dried material 

Ash 

1 Protein 

CaO 

PA 

K,0 




15 days* interval {average of 9 cuttings) 

1 

4 

17.3 

20.3 

I 

20.8 

2.47 

0.84 

3.68 

2 

6 

16.6 

18.6 

1 21.9 

2.56 

0.81 

3.70 

3 

10 

17.5 

18.4 

22.5 

2.48 

0.88 

3.98 

4 

13 

15.9 

17.8 

22.1 

2.41 

1.02 

4.07 

5 

18 

16.1 

16.7 

22.1 

2.42 

0.83 

3.89 

S 

21 

17.5 

20.9 

20 9 

2.41 

0.80 

3.71 

Average 


16.8 

18,8 

23.7 

2.46 

0.8 

3,84 ■ 




30 days* interval {average of 5 cuf^-mgs) 

7 

2 

12.6 

15.8 

20.9 

2.55 

0.76 


8 

8 

13.6 

17.0 

21.3 

2.62 

0.6S 

4.98 

,9 

11 

[■.■ 15,9 

15.3 

20,5 

. 2.53 

0.69 

4.38 

10 

16 

h' 13.9,.. 

15.1 

20.8 

2.52 

0.72 

. 4.47, 

11 

20 

12.2 

15.4 

21.8 

2.61 

■ ,67 

4 31 

12 

,■■■22 ' ' 

13.2 

14.7 

20.4 

2.SS 

0.68 

,4,27 . 

Average 


13.6 

15.6 

2L0 

'2,56 

0.70 

4.45 




45 days* interval {average of 4 cuttings) 

13 

3 

18 0 

11,4 

15,6 

2.53 

0.47 

3.11 

14 

5 

19.0 

12.3 

14,9 

2.56 

0.43 

3.20 

15 

9 

20.0 

13 6 

14,1 

2.46 , 

0.40 

3.09 

16 

14 

20,5 

13.0 

15 J 

2.60 

0.50 

3.34 

17 

17 

19.2 

11.8 

15.7 

2.57 

0.45 

3.40 

18 

24 

19.0 

12.9 

159 

2.47 

0.44 

3.76 

Average 


19.3 

12.3 

15.3 

2,53 

0.45 

■h3.32,,K.'::'. 


tHE 1K0IAK JOURNAL OF AGRICULTURAL SCIENCE 

Table I 

A mmge ch&mitM composUion of berseem with different 
tniervals of cutUngs^QomAA* 


Serial 

Plot 

Percentage 


Percentage of oven-dried 

materia! 


No. 

No. 

of dry 
matter 

Ash 

Protein 

CaO 

PA 

K,0 





CO days* interval (average of 3 

puttings) 


19 

1 

18.0 

14.1 

' 14.3 

2.52 

0.45 

3.45 

20 

7 

22.3 

11.3 

15.3 

2.62 

0.42 

2.66 

21 

12 

21.3 

11.9 

13.6 

2.52 

0.37 

3.14 

22 

15 

20.5 

13.4 

14.0 

2.38 

0.45 

2.92 

23 

19 

20.9 

11.7 

j 13.5 

2.33 

0.42 

3.23 

24 

23 

21.4 

11.1 

! 14.9 

2.53 

0.44 

3.20 

Average ' 

20,7 

12.2 

1 14.3 

1 

2.48 

0.43 

3.10 

Critical dif- 




1 




ference 

1 

1.2 

0.7 

0.8 

0.08 

0.07 

0.10 



The layout of the experiment admitted of statistical interpretation of the results 
and average figures along with the critical difference are also given in the same table. 

The figures showing the yield per acre of green fodder and of its various constitu. 
ents obtained after 9.12.1941 are given in Table II. The data were analysed statistical- 
ly but as the variations in treatments between A and B were found to be far less than 
those of C and D, the three degrees of freedom for treatments were further split up into 
three parts, one for comparison betPi^eenX (A and B) and Y (0 and D>, another for com- 
parison between A and B are with X and the third for comparison between C and D are 
within Y. Observed values of ‘ I* ^ are given in this table. 

Table II 

Yield of herseem and Us constituents in maunds per acre when cut at different 

intervals of time 


Plot No. 

Green 

Dry 

Ash 

Protein 

CaO 

PA 


herbage 

matter 






IS days* interval (total 9 cuttings) 


■ 1 

4 

103 ' 

17.8 

3.62 

3.70 

0.44 

0.150 

0.66 

2 

6 

105 

; 17.5 

3.26 

3.84 

0.45 

0.142 

0.65 

3 

10 

81 

j. 14,1 ■ 

2.60 

3.18 

0.35 

0.124 

0.56 

■ 4 : 

13 

98 

i 15.6 

2.78 

3.46 

0.38 

0.160 

0.64 

5, 

18 

87 

14.0 

2.34 

3.10 

0.34 

0.116 

0.54 

6 

21 

76 

13.2 

2.76 

2.76 

0.32 

0.106 

0.49 

Average 


92 

15.4 

2.89 

3.34 

0.38 

0.133 

0.59 




30 days' interval (total of 5 cuttings) 


7 

2 

228 

28.7 

4.54 

6.00 

0.73 

0.218 

1 ' 1.42' 

8 

8 

197 

26.9 

4.56 

5.72 

0.70 

0,184 

' 1.18 

9 

11 

145 

23.1 

3.54 

4.72 

0.58 

0.160 

1.03 

10 

16 

168 

23.4 

3.54 

4.86 

0.59 

0.168 

1.02 

11 

' 20 

189 j 

25.0 

3.84 

5.44 

0.65 

0.168 

1.08 

12 

22 

154 j 

20.4 

3.00 

4.16 

0.52 

0,138 

0.87 

Average 


180 ~ 

24.6 

3.84 

5.15 

0.63 

0.173 

;;::i4o 
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Table II 

Yield oj berseem and Us consiituents in mounds per acre when cut at different 
intervals of time — concld. 


Serial 

Plot No. 

Green 

Dry 

Ash 

Protein 

CaO 

P.Og 

K..O 

No. 


herbage 

matter 








f 

j 45 days* interval {iotat of 4 cutiings} 

13 

3 

629 

1 13.3 

12.94 

17.68 

1 2.86 

0.526 

. 3.53 

14 

5 

597 

113.1 

13.88 

17.68 

I 2.89 

0.488 

3.62 

15 

9 

589 

117.7 

13.60 

16.62 

< 2.90 

0.474 

3.63 

16 

14 

644 

131.7 

17.18 

20.66 

! 3.43 

0 664 

4,39 

17 

17 

577 

111.0 

13.08 

17.38 

i 2.85 

0.500 

3.77 

18 

24 

496 

94.2 

12.18 

15.02 

1 2.33 

0.412 

3.54 

Average 


589 

i 13.3 

13.81 

17.51 

1 2.88 

0.51 1 

3.74 





days* interval {total of B 

zuttings) 

19 1 

^ 1 ! 

664 

119.4 

16.84 

17.42 

3.01 

0.542 

4.12 

20 

7 ! 

602 

134.2 

15.14 

20.48 

3 52 

0.566 

3.54 

21 

12 

512 

109.0 

13.00 

14.82 

2.57 

0.408 

3.43 

22 

15 

567 i 

115.9 

15.54 

16.24 

2.67 

0.524 

3.38 

23 

19 

485 

101.3 

11.84 

13.66 

2 36 

0.428 

3.27 

24 i 

1 

23 

497 1 

f 

106.5 

11,28 

15.04 

2.56 

0.446 

3.24 

' . 1 

Average i 

555 

114.4 

13.94 

16.23 

2.83 

0.484 

3.50 

Observed 

Between 'X' and 'Y* 729 

623 

281 

369 

375 

255 

3090 

value of 

Within 'X' 91 

212 

31 

99 

95 

25 

52 


Within 'Y’ 2.5 

0.02 

0.7 

0.1 

0.1 

0.7 

1,3 


Disoussion op ebsclts 


Effect of cutting treatments on chemical composition 

From the data ia Table I, it wiU be observed that with regard to their variations 
with different cutting treatments, the chemical constituents can be divided into two 
groups. The constituents of one group comprising ash, phosphorus and protein vary in 
a decreasing proportion with increase in the interval of cutting. The remarkable fact 
about the decrease is that it takes place in two distinct step,s. It is significantly high 
between the 16 day and 30 day intervals, most^ marked between tbs 30 day and 46 day 
intervals, while it is hardly appreciable between 46 and 60 day _ interval. The other group 
contains calcium, potossium and dry matter. There is very little change in the calcium 
contents of the fodder due to different intervals between cuttings. Dry matter contents 
increase with increase of intervals except a significant fall with 30 day interval. Potash 
contents, however, decrease with age except during 30 day interval when it shows a signi- 
ficant increase. « 

. Effect of cutting treatments OH yield 

From Table II which gives the yield data and their statistical interpretation, it 
will be seen that there is an increase in yield with an increase in the interval between 
successive cuttings from 15 to 46 days. The increase, however, is' not uniform, for ia- 
stance the increase in yield obtained from cutting at 30 day interval is very small com- 
pared with the increase resulting from cutting at 46 day interval. But there is no 
further increase in yield when the interval is increased from 46 to r=0 days. This com- 
parisoa can best be made by looking at the values of ‘ F The inference is that the 
active period of growth for berseem is between 30 and 46 days after catting; the rate 
of growth before and after this peripd being much less. 


f 
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The above results can briefly be summarized as below : 

(i) With the shorter intervals between cuttings (15 or 30 days) the quality 
of the fodder is good, but the yield is very low. 

(ii) Cuttiags at intervals of 45 days girette highest total yield of fodder- 
The quality of fodder is inferior but the increase in yield com- 
pensates for loss in quality- 

(iii) Cuttings at longer intervals *60 days) result in deterioration io oouality 
with no advantage in quantity. 

Effect of frequency of the yield of successive cuttings 

In Table III are given the average yield of green herbage and of dry matter, per 
plot, of siiceessive cirttings obtained throughout the life cycle of berseem under different 
catting tre.atments. 

1 ’able in 


Average yield of green herbage and dry maUer in maunds per plot obtained in 

individual cuttings 



15 days* intervals 

30 days* intervals 

45 days* intervals 

60 days’ intervals 

No. of 









cutting 

Green 

Dry 

Green 

Dry 

Green 

Dry 

Green 

Dry 


herbage 

matter 

herbage 

matter 

herbage 

matter 

herbage 

matter 

' 1 

1.44 

0.225 

3.68 

0.4S0 j 

7.32 

0.^5 

9.55 

1.398 

2 

0.39 

0.059 

2,70 

0.338 ; 

10.82 

1.339 

17.04 

3.613 

3 

0.86 

0.128 

1.78 

0.228 

10.81 

3.186 

1.14 

0.709 

4 

0.60 

0.091 

0.68 

0.136 

0.47 

0.188 



5 

0.30 

0.051 

0.12 

0.047 





6 

0.35 1 

0.062 







7 

0.35 

0.082 







8 

0.23 , 

0.071 


! 





9 

0.05 1 

0.020 


’ ■ 1 






It will be observed that successive cuttings obtained at the intervals of 15 and 30 
days show a significant fall in the yield. In the case of 46 days and 60 days, no such 
deterioration was l oficed. In this c; se the low yield of the last cutting was due to the 
effect of hot and dry weather in May. ^ This phenomenon has also been reported by 
Paterson [1933] and Wilsie [1940] in the case of Napier grass (Pennisetum Puh 
pureum) who state that greater frequency of cutting affects the vitality of the grass, retards 
the grow.ih of rhe root system which results in a less virile stool. It appears that all these 
factors aie also opar itive in the case of bersaem. The low yields of berseem cut at ^ 

shoroer intervals can thus be explained a:? being due to the fact that its active period of 
growth lies between BO and 45 days and more frequeat cuttiags affect the vigour of the 
. plants adversely resulting in lower yields of subsequent cuttiags. 

Leaf ! stem ratio 

It is well-known that most of the plant food is stored in the lea^^^ and the stems 
are comparatively poor in their nutritive value. By actual feeding trials with alfalfa ^ 
leaves and stems, Sot fia [1933] found that the percent age of digestible protein and total 
digestible nutrients in the case of ^sterns were 4.17 and 41 65 respectively, while in the 
case of leaves they were 14.87 and 67.8;3. Thus besides the actual chemical aualysis, the 
leaf/steiTi ratio should indicate the quality of the fodder. During the course of this in- 
vestigatioii, leaves and stems of berseem under different cuttings were separated and 
analys'^d for various constituents. 

The leaf/stem ratio and the results of chemical analysis of leaves and stems are 
given in Table IV. 
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CHEMICAL COMPOSITION AND YIELD OF BERSEEM 
T,iBLBlV 

Chemical analysis of leaves and stems 


Treatment 

Leaf /stem 
ratio 


Percentage 
of dry 
matter 

■j 

15 days 

2.17 

Leaves 

Stems 

1 

20.6 

10.4 

30 days 

1.08 

Leaver 

Stems 

21.6 

8.6 

45 days 

0.55 

Leaves 

Stems 

23.1 

16.8 j 

60 days 

0.48 

Leaves 

Stems 

25.6 : 

17.8 


Percentage on dry matter 


Protein 


It will be seen that longer intervals between cuttings decrease the ratio of leaves 
to stalks. Chemical analysis shows that leaves are richer in dry matter, protein, cal- 
cium and phosphorus than stalks while the latter were found to oe richer in potash in 
case of all the cutting treatments. Protein and phosphorus contents of leaves and stems 
go on decreasing with age, but dry matter and calcium contents of leaves show a marked 
rise with age. 

From the point of view of quality, it is, therefore, clear that the crop is more leafy 
if cut at shorter intervals and young leav'ee are richer in nutritive elements than the 
old ones ; these are factors which contribute to the superior quality of young growth. 

Summary 

Resuhs of an invesdgation into the effect of different intervals between the cut- 
tings on the chemical composition and yield of berseem are reported. 

The K.sh, protein and phosphorus comeats of the fodder are found to decrease with 
iacrease in the cutting intervals but the fall between 15 .and 30 days’ intervals is smaller 
as compared to that with 45 days ; furtuer fall from 45 to 60 days is negligible- 

The moisture, calcium and potssh contents show a marked nse from 16 to 30 days' 
intervals but they decrease whan the interval is increased to 45 or 60 days. 

From the yield poinr of view 46 days’ intervals have been found to be moat suitable. 

The active period of grow: h of berseem has been found to lie between 30 and 45 
days when most of the dry matter is formed, 

A greater frequency in cutting adversely effects the growth and yield of successive 
cuttings. . 

Shorter intervals produce fodder with narrow leaf/staik ratio and the chemical 
analysis of leaves and s aids shows that the leaves are richer in dry matter, protein, cal- 
cium and phosphorus than the stems. Tne younger leaves are richer in phosphorus, potash 
and protein than the older ones which, on the other hand, are richer in calcium. 
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EFFECT OF MANURING ON THE WILT OF 

PAN [PIPEB BETLEh.) 

By S. Chowdhury, Plant Pathological Laboratory, Sylhet, Assam 

(Received for publication on 9 October 1945) 

S EVERAL workers have advocated the use of organic and inorganic manures for the 
control of diseases caused by soil fungi. King and Loomis [1926] reported that heavy 

applications of manure or other organic materials consistently reduced the number of 

cotton plants dying from Phymatotfichum root rot. Streets [1934] reported experiments in 
which Phytmtoirichum root Tot on aeciduous fruit and nut trees was controlled with 
anhydrous ammonia or ammouium sulphate. In a later publication he [Streets, 1937] 
recommended either ammonium sulphate or ammonium phosphate for this disease on a 
number of perennial crops. Jordan and others [1934] furnished further evidence of the 
efifect of fertilizer treatments in reducing the loss of cotton from this fungus. Sardina 
and Laudaluce [1934] claim that Armillaria root rot of the vine can be controlled only by 
preventive measures v?hich in addition to extirpation, deep cultivation and drainage of 
the Loles should include replacing of stable manure with well-balanced fertilizers. Walker 
and Musbach [1939] have obtained marked control of Aphanomyoes root rot of peas under 
green house conditions with one application of 4-16-4 fertilizer at the rate of 
500 lb. per acre. More recently Sinitn and Walker [1941] have produced evidence 
that the nitrogen fraction is more active in reducing or pea root rot than either the 
phosphorus or potash content when *2.12-6 feitilizer is used. In New Jersey, root rot of peas 
was reduced b} heavy applications of hydrated lime (4000 ib. per acre) but lesser amounts 
had no iiihibitoiy effect [Haanseier, 1927] and elsewhere, incidence of the rot was delayed 
and injurious effects on the host greatly reduced by use of l(X)0-2<bOO lb. of complete 
fertilizer per acre [Haenseler, 1931]. Greenhouse tests indicated that nitrate of soda, 
sulphate of ammonia and muriate of potash were more effective than superphosphate. 
Eeiakiug [1942] in New York states that in favourable growing seasons, profitable yields of 
peas were obtained wtere soils were sufficiently fertilized (600 lb. per acre of a 5-20-6 
or 10-20.10 fertilizer) inspite of the pathogsnes in the soil. From Louisiana, Le Bean [1938] 
reports that nitrogenous fertilizers increased Pythium root rot of sugarcane, ^ while high 
phosphate treatment reduced it. The same reiationship of nitrate io Pythium root rot 
was also reported from Coimbatore by Ramakrishnan [l94l] and from tie United States 
of America by Rands and Dopp [1938]. The author [Chowdhury 1944, 1 & 2 ] has in his 
recent experiments foufid that oilcake and the different combinations of fertilizers have prac- 
tically no influence on the incidence of Phytophihora foot rot and Rhizoctonia root rot diseases 
■of pm* ' 


Ill] 


EFFECT OF MANURING 0:4- THE.SCLEEOTIAL WIET OF PAH 


mi 


Early . .results witii SdefoHum^roi/sii Shcc. ' -.Te.re not encouraging for this line of 
attack. Edgerton and Tims [1936] reporting trials wi;h 26 fertilizer combinations during 
two seasons in Loiiisiaiiri found no clear cut differences between the various treatments. 
But Leach [1941] reported ti^at the root rot ^of su^ar beet ' due .to S. ropw can be much 
reduced .by the appl^cadoii of co,mmereial fertilisers cjutaining ■..00 ,.ib. nitrogen per ac 
More recently Leach and Dary [1942] reported c-ja>isteiit reduction, .in rot of sugar .■ beets 
caused' by S. rof/sif cc^-he application of nitrogenous .fartili'. 26 rsv They found that on an 
average of all tria'^s 50 lb' of niirogen per acre reduced infection by some 28 per cent,' 
100 lb. by 64 per cent and 200 ib. by S5 per cent. Encouraged by these results the author 
conducted certain field experiments to deteimine the possible application of similar 
methods for controlling S. rolfsii on pan under prevailing conditions. The results of these 
experiments are recorded in this . 

Matbeials and methods 

A. piece of land where all the plants died rjf the disease was selected for the purpose. 
Examination showed that the field was with unif orm infastatioa of S. rolfsii. An addi- 
tional dose of infeciive material, however, was added to the soil by inoorporatiog 
cultures of the fungus con'orining abundant scierotia and mycelia into the soil. 

The entire piece of land was then divided into 78 plo s. Each plot was 16 ft. x 6 ft. 
There were 10 rows in each plot and 10 healthy setts were planted in each row. 
Planting w^s done in October, 1942. 

The first manuring was done durmg the early part of April, 1943, and the sub- 
sequent mannrings daring the months of May, Juno, July, August, September and 
October, 1943. 

During the year 1944, manuring was commenced in May and finished m October. 
Six applications were made, one application in each of the months May, June, July, 
August, September and October. 

In every case the manuring was done on the same day and at the same time. The 
method of application was aho the same. The oilcal^e was ground very fine, then spread 
along the ridges and afterwards covered with u th‘n layer of fine earth. The fertilizers, on 
the other hand, were mixed with equal quantities of fine earth, tnoroughiy mixed together 
and then applied along the ridges just like oilcake and then covered with a thin layer of soil. 

The treatments were randomized and each treatment iiad six replications. The 
treatments were as foUows:--- 

A. Control, 

B. Mustard oilcake. 

C. Mustard oilcake. 

D. Mustard oilcake. 

E. Ammomum sulphate, 

F . Ammonium sulphate. 

Q-. Ammonium sulphate, 

H. Sodium nitrate. 

I. Sodium nitrate. 

J. Sodium nitrate. 

K. Ammonium phosphate. 

L. Ammonium phosphate. 

M. Ammonium phosphate. 

Experimental RBsuLTs 

The pj-ots were kept under careful observation and deaths as they occurred were 
noted. The results obtained are recorded in Table I. The yield of leaves was also ascertain- 
ed and is Tecorded in Table I. The dead plants were collected and examined; it was 
found that in all cases the deaths were due to the attack of the parasite S. rolfsii. 


No manure of any kind was applied. 

This was applied at the rate of 984 lb. per acre per year. 
This was applied at the. rate of 1968 lb. per acre per year. 
This was applied at the rate of 3936 lb per acre per year. 
This was applied at the rate of 246 lb. per'' acre per yea^.. 
This was applied ai the rate of 490 lb. .per acre per year. 
This was applied at the rate of 930 lb. pex' acre per year. 
This was applied at the rate of 320 lb. peracre per year. 
This was applied at the rate of 640 lb. per acre per year. 
TMs« was applied at the rate of 1280 lb. per acre per year. 
This was applied at the rate of 312 lb. par acre per year. 
This was applied at the rata of 624 Ih. per acre per yejar. 
This was applied at therate of 1248 lb. per acre per year. 


% 
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Table I 

Effect of manuring m the fich,roiis.^ win of -p?i,'a. 


.Treatments 

Fertilizer 
applied per 
acre in ib. 

Nitrogen 
applied per 

Average percentage cl j 
deaths i 

■Average yield of leaves 

acre la lb. 

^*■■“1943 

1944 I 

194S 

]■■ 1944 

Control *- 



27.43 

31.90 1 

V' 1752 '■'■■:,' 

1204 

Hnstard oilcake 

934 

50 

9.19 

7.36 

3297 

4957. 

Ammonium snlpliate 

245 

50 

9.23 

, 7.20 , 

■ 3256' 

4962 

Sadmm nitrate 

320 

50 

9.16 

7.78 

3283 , 

4965 

Ammonium pkoaphate ... 

312 

50 

9.37 

7.65 

3292 

4897 

Mustard oilcake ... 

1968 

100 

4.62 ; ■ 

, 3.87 ' 

4980 

6787 

Ammonium sulphate ... 

490 

100 

4.50 

, 

3.80 

5021 

6801 

Sodium nitrate ' 

' 640 

100 

: 4.36 

3.72 1 

1 4992 

6792 

Ammonium phosphate ... 

'.624' 

100 

1 ■ . 4.45, ■ 1 

3.85 

1 5101 

6800 

Mustard oilcake ... 

3936 

200 

2.65 

2.01 

'7216 

9456 

Ammonium sulphate 

980 

1 200 

2.30 

1.87 

7234 

9621 

Sodium nitrate 

1280 

200 

:'2.51:.: 

1.S0 

7197 

9572 

Ammonium phosphate ... ! 

1 

1248 

200 

2.25 

2.09 

i' 

9564 


It will be observed iroia the data i;resented in Table I thi" the deaths were consider- 
ably less in the manured than in the contrcl plots and the extent of death from the attack 
of the parasite was in proportion to the amount of nitrogen applied; the kind of the 
manure applied exerted little influence. Thus it will be seen that on an average the 
percentage of mortality in the plots receiving 60 lb., 100 lb. and 200 lb. of nitrogen per 
acre .a year was 9.24, 3.48 and 2.42 respectively during the year 1943 and 7.49, 3.81 and 
1.96 respectively during the year 1944. The differeat manures, oilcake, ammonium sulphate, 
sodium nitrate and ammoniurc phosphate were equally effctive in reducing the wilt. It will 
also be found that the yields of the leaves were also apprec'ably increased by these treat, 
ments. Tais was because of the lesser number of deaths and because of the stimulation of 
growth produced by the manures. , 

As to the general growth of the plants due to manuring it was found that the 
effects of the artificial fertilizers w'ere earlier visible on the olarils than oilcake, but 
in the long run no_ difference could be noticed bebweeji the pia-.>ta given dtffereu'. manurial 
treatments; the height of the plaxite, the size and colour of the leaves and the general 
vigour of the plants were indistinguishable. '• 

The plants in the control plots, on the other hand, were sickly, pale nd atimted and 
the leaves much smaller in size and lesser in number. 

Summary 

Applications of manures in field plots have consistently reduced the percentage of 
death of fan ‘Piper beUe) plants due to the ati.ack of S. rolfsii. Mustard oilc.ike, ammonium 
sulphate, sodium nitrate aud ammonium phosphate proved eqinJly effe-ctive and it was 
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found ‘hat bhe mortality from the atfack of the para-uv in pr->po!'do!i to the amount 
of nltrogru applied, and the form of utro;?ea apolied exerted little influence. 
Yields were increased b’- these t batmen tu Iwh b - •.arise "■f t •. le"srr number of mortality 
and because of the stimulation of growth produced by the manures. 
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EFFECT OF HYDSOGBN-ION OONGENTRATION ON THE GROWTH 
AND PARASITISM OF ;SfOLEB(5TI?7M JROLJ'SJJ 8ACG. 

By S. Ohowdhuey, P.lant Pathological Laboratory, Sylhet, I.ssam 

4^ (Received for publication OB 9 October 1945) 

(With one text-figure) 

Q uits a large number of inyesdgators have flemonstrated that hydrogen- ion coificea 
■ tration influenceB the growth , and parasit ism of certain faogi and that some of the 
soil -borne diseases of plants could be wholly (»r p.-irtially controlled^ by altering the 
hvdrogendcn conct^ntradori of the soil. (Sarrett [1944] has xecently fnr^shed a liabulajea 
^ list of the diseases that lue fa\o aired by acid and alkaline ^oils. uhupp^Ll^^rJ 

v^'t-llma;. [.19^0] re polled that the ciub-roOi disease of cfucifersis favoured by acid ^is 
and cao be controlled xiy making i-he soil alkal .U" by the addition of lime. Loran^Liy2f, 
1928, 1929 and 1931] and \Iorgaa and And^-uw [1927] reported the redaction of 
Theilaviopsis black r(.joc rot tobacco and Phymatotrichum cotton -'oct rot by increasiog soil 
acidity- Buchholts [1938] found thai hydrogen-ion coo centration bidow 6.5 favours root 
rou of sugar beets. Flor [1930] fouud that, PytUum sp. responsible for root of 
sugarcane in Louisiana was capable of growing well fr^m 5.6 to 9.2 and most oi tne 
cane soils were in the neighbourhood of the neutral mark . Marchel [1929] in Belgium 
reported that though black rot is present in acid soils it is rarely noticed when soil has 
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a reaction of 7 or greater. On the other hand, Giossheroy [1931] reported that the ^ 
heaviest damage from Phoma rodt rot occurrsd recently in very alkaline and neutral | 

clay soils whereas the epiuemic cf 1926 took place under acid soil conditions. -r ' 

Sderothm rolfsii Sacc. is a soil inhabiting parasite, and is known to cause serious 
damage to fan (Pifer b^e h.) m certain parts of Sylhet [Chowdhury. 1946]. A study 
was therefore made to determine how far the growth and parasitism of this organism | 

are influenced by hydrogen-ion concentrations and whether it is possible to minimize | 

oroompleiely control its ravages by changing soil reactions. The results of this study \ 

are reported in this paper. 

MVOBLIAL GROWTH , 

The range and optimum hydrogen-ion concentration for the growth of the organism 
were determined. Modified Bichard’s solution of Karrer fmd Web [1920] was used; 2.6 [ 

percent agar was added. Petri dishes of equal sizes were used and an equal amount 
of the medium poured m each- The petxi dishes were inoculated in triplicate and the 

linear rate of growth measured from day to day. The rate of growth noticed after five 

days is presented in Fig. 1. f 



Fig. 1 . Growth of ScleroHum rol/sit at different hydrogen-ion concentrations'] 

It will be evident from the data presented in Fig. 1 that the fungus has a wide 
range of tolerance between 3.2 to 8.^. The optimum, however, lies at fPL 6.4. 


Formation of sclbeotia 

The formation of sclerotia at different hydrogen-ion concentrations was also studied. 
Beef-extract agar and Bichard’s solution agai were adjusted to different j&H values and 
the fungus grown on them. The observations were made for 15 days ; the results are 
recorded in Table I. 
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Effect of hydrogen4on concentration on sckmtial formation 


1 Sclerotial formation 

1 

pH 

Sclerotial formation 

pn. . 

'i 

f 

1 

Beef" extract 
agar 

RicLard's 

agar 

Beef-extract 

agar 

Eicfaard's 

agar 

3.5 I 

'"+■ 

4. 

6.4 

444 

: 444 

4.0 

4 “ + 


7.0 

+ + 

4 - 4 * 

4.6 ' 1 

4 - + 

4 + 

8.0 

4 * 4 - j 

44 

5.0 

+ + 


8.6 j 


4 ' , 


From the data presented iu Table I it will be seen tbat sclerotial formation 
takes place over a wide Tange of 'hvdrogen-ion concerdratfon, 3.5 to B,6; and ' that the' 
optimum lies at, . 6.4. , . ^ ^ .. 


Mortality at different hydroobn-ion oonobhtrations under field oonditions 


The hydrogen. ion conceiitrati >ns of a large number of soil samples obtained from 
healrby and affected fields, collected from the different locilities, were determined 
colorimetrically ^ and vf ere found to vary from 4.2 to 6.3, a range over wbiok 5. 
the fungus causing the sclerotial wilt of pan, also shows good growrh. No appreciable 
differences in the values of the soils obtained from healthy and affected fields have, 
however, been noticed. All the same, an attempt was made to test the effect of changing 
soil reaction in an infected plot on the incidence of the disease. A pieca of land where 
almost all the plants died of !he disease and the fungus was found pre-ent in abundance 
was selected. The of the soil was determined and found to be 6. Tne reaction was 
changed by the addition of sulphur and lime to the soil and e iaal numbers of healthy 
cuttings were planted in each of the plots. The different treatments were randomized. 
Six replicaticnB of each treatment were made. 

The data- of this experiment showing the variations in soil reaction as a result 
of the addition of lime and sulphur and the average perceatags of mortality of plants 
due to sclerotial wilt are recorded in Table II. 



Table It 

Incidence of the diseme in relation to soil reaction 


Treatments 

, 

■ 

Rate per acre 
in lb. 

pH 

Average percentage of deaths ^ 

1943 

',1944 ; • 

Sulphur 

... 

4000 

4.1 

19.15 

16.20 

Sulphur 


3000 

S.4 

20.91 

17.92 

'Sulphur 


2000 

# 5.7 

19.47 

19.02 

Untreated 



6.0 

19.75 

18.78 

Lime 


2000 

6,9 

20.42 

17.82 

Lime 


$000 

7.6 

21 26 

16.10 

Lime 


4000 

8.5 

19.10 

18.52 
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It will be evident from the' , data - presented in- T;'ible ,.11'^tbat .tiie hydrogendoa'mon* 
cenlration of the field soil has'praciioally no itiflucmce '' on 'the inc!d'.mct5 o£ the disease,, the, 
average percentage of death - almost 'dne same .at- all pH. V‘-dues. Thus it:,' will 

appear that there exists , ^ possibility. ■ of ' fighting "be dise-ise by altering" soil 

..reactions*' 

SUMMARY' ' 

Experiments were conducted to determine the effect oJ* IjLydrogen»iou concentrations 
on the growth and parasitism of S. rolfsii. It was fo^ind that t .e fuagns can grow 
over a wide range of and the optimam for growta nu sclsrotisi f ormation lies 
at 6.4. , ^ ^ , 

The hydrogen -ion concentration of a large number of s jils obtained from healthy 
and affected fields was determified ; no appreciab^^ diff-rence in ihe :^Ji values of these 
soils c-^nld be noticed. The effect of changing •mil reacliv:; in an. infec’.^ed plot on the 
incidence of the disease was slu du d and lb was ion ud that thtee exists no correlation 
between the hydrogen-ion coneentration of soi! and the incidence of the disease. 
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EARLY BLIGHT OF POTATO IN INDIA* 

By Pestonji R. Bhagwagae, M. Sc,, Assoa. i.A.R.I., Professor of Botany, 
Nowrosjee Wadia College, Poona ' 

(Received for publication on 4 February 1946) 

The causal organism, of the early b ight of potalo was first described as a 
I Macraspofium by Ellis and Martin [1882] from the dying leaves of potato near Newfield, 
New Jersey. The first reference to the fungus as a parasi[6 a i.d its a^^sociatioji with potato 
leaf blight was made by Galloway [1891]. For sometime there w much disigreernent 
concerning the true cause of the disease. Some believed the Macrosporium oojy a socoadary 
invader and disease primarily of non.parasitic origin, while others considered the fungus 
a parasite but not the cause of all the trouble. It wes not uniil Jones [1895.96] published 
thcv^ rosnlts of further studies that the relation uf Macrosporimm to the various t oubles was 
entirely cleared up.'' HiS‘^li:audlat*‘oratori^ studies led him to the final conclusion that the 

• Submitted in partial fUF the Diploma of Associateship of the Imperial 

Agncultural Research Institute ' 
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imigm [Macf^spofkm)^ was a para^gi^e' a'id^l:.he.'pri'rjiary c.i.uae of tsarly blight. The 
fungas was lifst desoribi^d Marlui [1882], biiu was assigned 

to because of tae di^c ^v^ry ui^dJoiiv:vS [1S9B] aiid rio>auer Ihati the spores 

were sometimes iormod in. chains. Bands ' [191/ J- fully uescribed early bligHt of potato 
and related plauis. Since th M ume very .little, urns, oaeu added no our knowledge of the 
early bligiit, disease, bat during tne past de.cade many valuable data nave acciimolated 
bearing upon the MB'rol of the irouble.by spraying' 

In lad a very llliL-work has b^ea don6lodiwe-iiga'-3iL:sdi.su.. r tnoiougbly. Me Alpine 
[1911] meiilions' tast it is Lnowii i Imlia, however, it d »es oof- :■ eem V) do much 

damage. Buder [1918] wrote “lu India there is no iod cation at prec-enr of its becoming a 
dange^’Qu.'- pest, thougu i ruari; oc'asio.s f .und it hrii3iH!!diig the destruetion 

wrought b 3 FhytopMhord\ Owing m a sarbus out ore rk ut poU^u diseuiseiii N'lgiris,M.cBae, 
the then Mycologist lo die Goveriimervr»f ■ Madr.^^ was depiued lo maixe an invesigation of 
the same and advise as toits treatmeor.r .'.The extract o* ii^s ruport was published in the 
Agfic.J. India [1911]. Mc..i^e men donad - that early bligi*. was .oiported from the United 
Provinces m 1^3, acid for the uts- .lime irom the Nilgw.s la ^1910. Bing bhgat was lirst 
reported by Capel[ 189*] from tuo Niigiris. li also o 'cuiv? iu Bombay, bengai and Mysore. 
Narasimhao [19‘i6j reported fr.-m Mysore ' "raat putau fields in a locality .‘/here Rickets 
variety was planted was badL att »cked by Aikarmria and ihe growers Had sustained 
considerable loss. Fortunately, AUemarm sohni is regarded \h i weak parasite. It 
cannot gain a foo/aig and produce muci injiiry, aoiess the vUiality of iho plant is 
lowered. It is usually resirici-ed uidy tothe ieaveo, occasionally attacking toe stem. Iu 
India, it is not reported Irom tubers either in the del Is or in storage. In iJermany, 
Belgium and England it can cause extensive damage to me lubers. 

It iS known thai^. is tne causa horganbrn »*f early bligm, hut Buiter [1918] 

wrote that “A forta with almost cubical spores s^couidia) also occurs in England, but 
further worit is necessuiy i j establish its identity wiih true A. solam'\ The present author 
obtained infocted plants Ueaves) loom Ootacamund and Bimla, sent bv rhe Imperial Econo- 
mic Bonanisr, from Pusa cjiiected by the Imperial Myc liogist, and from Naini (Allihabal) 
sent by Dr Vestal of the Allaua bad Agiiculturai Institute- i^everal iBolattons were made 
from the above mateii'^l\ out of whicn Simla material only gave typical obcl wate, long, 
beaked spores of A. whil-, fx)m the resty the author repeaiedly got only very small 

spores without a beak ar?d with longitudinai septa, sporas often being m chains in cultures. 
This work was undertaken on suggestion of Dr Padwick to ascertain the association of 
small spored AUernaria causing early blight {or leaf* spot) on potato in India. 

BmPTOMS AHn ISOMTIONa. 

(1) Sifnla material The infected lea/e^ showed typical AUernaria spotis. They were 
scattered ail over the leaf, roughly Cirmlar to elliptic, concentrically zonate, and brown 
in cokur. Thera were no sports o i the spots. The infecied leaf, after si^erilization, was 
put in a moist chamber and sterilized bits were trausferr<jd aseptically on slants of two 
and four per cent potato dextrose agar aua oaimeal agar, but the fungus did not sporulate 
either in the moist chamber or on media slants kept at different tempera Mires. To procure 
spores the method described by Ra^: ds [1917, d] wai adopted. Fiitejnto twenty-day old 
cultures iu petri disaes were suredded and K.>ccliuyi severely wounded* The utmost 
care was la&en to avoid contamination. The shredded bits were separated and allowed to 
dry partially by removing t:::e lid of the p5Uri dish, and exposing to suniighi in a sterilized 
moist chamber. Wiihin two to three days a few spores were produced. Inese spores were 
measured and their morphoiogicai characters were rec«>rded. Single spore tubes were 
prepared on oatmel agar for fuither studies. 

{2j Ootacamund material The same symptoms on leaves as in case of the Simla 
material, except that tae spots were dark-biDwn to black and the concentric zones ia the 
spots were very indistinct. No spor6L> were formed on the spots. Abundant supply of 
spores was obtained both in moist chamber and in oatmeal agax slants- Single spore 
cultures were prepared on oatmeal agar* 
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(3) Naini {AUahMbai) imkriaL Leaves had vary irregular black spois without any 
concentric zone-^. dlkrmriu, Acrothecium &n(X Helminthosporium svere foiuid on the surface 
of the leaf. lufected poiiioae produced very abundant sporcss botn in the oioiet chambers 
and oatmeal slants. Single spore cultures were prepared lor studies on oatmeal agar. 

{A) Pusa materiak Leaves had very little infection, Spots were small, irregular 
in iorni, and of light-brown colour. No spores were found on iiifeoted patches. Moderate 
numbers of spores were produced in a moist chamber and on oatmeal agar slants. Single 
spore cultures were prepared for further studies. 

Only the Simla strain, which produced a few spores 01:1 wounding, showed typical, 
long, ohclavate, beaked and muriform spores of A. solani. The strains isolated from 
material obtained from Ootacaoiund, Naini and Pusa, produc'^d small loagitudinally 
septate, short spores, without a beak. 

Morphology OF THE FUNGUS 

Cultures ol the fungus were prepared on oatmeal agar for use in inoculating the 
agar slants and perti. dishes of uWo per cent po at 0 . dextrose agar, oatmeal agar, and tubes 
of soaked rice which were steamed three times in order to ensure complete sterilization. 
When the cultures had grown sufficiently, transfers were made of small portions of agar 
and mycelium 10 the media in petri -dishes and slants. Duplicate tubes and peiri-dishes 
were prepared. Inoculated tubes and petii.dishe.^ were kept at room temperature^ the 
temperature of the underground room being almost constant, varying from 19 to 20.5 
degrees. Morphological characters, change in colour of the media, and measurement of 
■spores were noted after 21 days. Spores were measured and their form and septation 
recorded from two per cent potato-dextrose and oatmeal agar. The same observations were 
recorded after 30 days, but no change had occurred since the twenty-first day. If we 
closely study Table I, it is evident that the aerial mycelium is moderate in amount in 
Ootacamund and Allahabad strains, wh.le it is nil in Pusa strain on oatmeal agar. It is 
almost the same in amount on two per cent potato-dextrose, while on steamed rice m strains 

Table I ■ ■ 

Culkiral characters of klt6xnuiB. spp.fr(m potato on iijSferent media 


Medium 


Fungus 


Aerial mycelium 


Amount 


Change in colour of 
the medium 


Oatmeal agar 


Two per cent potato- 
dextrose agar 


Steamed rice 


Ootacamund 

Moderate 

Dark olive 

Naini 


Dark olive gray 

Fusa 

Nil 

Simla 

Moderate 

Olive gray to dark 
olive gray 

Ootacamund 

Moderate 

Dark olive 

Naini 

Good 

Dirty-white to pale 
olive gray 

Pusa 

Nil 

... 

Simla 

Moderate 

Pale brownish drab 
with scattered small 
patches of pink 

Ootacamund 

Good 

Pale smoke gray 

Naini 

Nil 

... 

Pusa 

Good 

Light olive gray 

Sia^a 

Very little 

Dark olive gray 


No change 


Cream bufi to chamois 


No change 


Victoria lake 


Light grayish vinaceous 

Same as in Ootacamund 
but very little and 
change being extreme- 
ly slow 

Fawn to army brown 

Cream-buflf to chamois 
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from OotacamHnd'AHdNaiBi the'' amount' is cc3!isider'a'ble.. ''la tli.e amount of 'aeriaLmyceliiiin'' 
.aod,,^^' general' ■ colour,' .'the' s-trains .'from'..' Oouicamnud. Naini' , ' and ■ ■ Pusa;' "closely 
agree, ' ; All: 'these/, three ■ strains ■ pruduce/'.'iio change, in' ■■ coluur of'the media . wich '..oatmeal 
agar and two pernea.t pot ato-dexi. rose agar/ hut 'Oii 'si'eaiiied-rioe t.hey,''form some c^iflour* . On 
steamed.rice, strains from Ootacamund and Pusa show appreoiable amounts of colour, bm 
Haini strain, is less .ctromogenic than the '.former . two, and it ■ is. slow .in ■ ' develop- 
ing coloar. In' short, in, amo.unt and' colour o,f ,' aerial mycelium, all the three closely ,' 
resembled one, another ■ and they , are' entirely .non-chromogenic or. oatmeal agar and two . 
.per cent potato.dextrose agar, . and partially ■ chroinogenic on steamed-rice. , , Measurements : 

''the' spores, 'and'; their' septatioo, ,', recorded' 'in, ^ 'Table .II, clearly ^ reveal t-hat all ti'icse 'three- 
strains are morphologically similar 

. The Simla, .strain differs' much from those ,of Ootacamund, ,Naiii] and Pusa, , „.,being 
long-sported and highly chromogeaic. It shows a moderate to good amount of aerial 
mycelium on o.atmeal and potato.dextrose 'agar, the mycelium being olive gray' on. oatme'al 
...ag.ar and '/ potato-dextrose. ■ while ''on ' steamed -''rice, , it ' develops' ' 'very 'lit'tle .'olive ,.gray 
mycelium. It is highly chroms^enic on all the three media. 


Table II : 


Measurmenis of the spores ' ani their separation 


strain 

1 Dimensions (excluding 

I 'beak)' - ' 

!'"''' '■ 

-.Average 
dimensions 
of. beak 

No. of tran- 
sverse 
' septa ' 

No. of longi- 
tudinal 
'septa 

Coloar of spores 

Ootacamnnd ; 

25x 12 (11-52 X 849) 

, Lacking 

^ ' ' 0—8 ' 

0-3 

Bnffy olive 

Naini 

23 X 12 (8-41 x945) 

Lacking.- ■' . 

, 0—5 

' 0—3 ' '" 

Saccardo’s olive 

Pnsa 

24 x 11 (11-45 xS45) 

Lacking 

0—6 

0-3" 

Brownish olive 

Siznla 

140x 18 (105494x 13-22) 

42x 4 

-, ,4—19 

0—4 

Dark olive with beak 
of lighter colour 


Average dimensions, septarion, colour, etc., are shown in Table IL It is seen that 
the spores of Ootacamund, Naini and Pusa strains agree in their dimensions, septation, 
colour and abundance. Spores of the Simla isolation are long, obclavate, olivaceous, very 
variable in shape, terminaiing in a very loog and bright coloured or partly hyaline 
septate beak, the latter being frequently branched, uonidia were not observed in chains 
in Simla strains, but chains of 3 ro 6 spores were seen in cultures of Ootacamund, Naini 
and Pusa s( rains, on all the three media used for the study. 

Pathoubnioity 

Tubers of -potatoes from Simla were planted in pots and three plants were inocu- 
lated with each strain at the age of two and a half months- Each inoculated plaut was 
placed under a bell jar, and sprayed with sterilized water twice daily for three days. 
IJninoculated plants were similarly placed under bell jars and sprayed daily to serve as 
controls. 

The following inoculation methods were used : 

(1) A drop of sterilized water containing a large number of spores was placed on 
a leaf, which was partially covered with a small piece of cotton wool soaked 
in a similar spore suspension. The method was used for all except the 
Simla strain, which formed too few spores* 
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(2) Leaves were sprayed with a spore suspension, and kept moist with a fine 
spray of water for 72 hours. This method was not used for the Simla 

Rfif {^lyi » 

(3) Leaves were washed with distilled water. Small punctures were made with a 
steel needle on tbe surface of the leaflets and stems. A small piece of 
potato-dextrose agar with abundant mycelium was placed on _ the area puno. 
tured with the needle. Mois^ cotton wool was kept for 48 hours on the 
agar. The plants were sprayed with water for 72 hours. 

The method was used only for the Simla strain. 

These were intended as preliminary experiments only and the results are, therefore, 
given briefly as follows : 

Ootacatmnd strain 

Method 1. — Out of 20 inoculations made, only one small irregularly shaped dis. 

coloured patch was formed. The fungus was reisolated. 

AfAifewi 2.— -Numerous pin.he ad sized spots appeared, which did not enlarge. From 
20 small infected pieces, the fungus wal reisolated in four cases. 

Naini straw 

Method 1. — Eesults identical with Ootacamund strain. 

2.— Symptoms as in Ootacamund strain. From 30 infected pieces, the 
fungus was reisolated in three cases. 

Pusa strain 

Method 1. — A number of spots were formed, larger than with the Ootacamund 
and Naini strains, light brown, irregular in shape. From sis infected 
pieces, the fungus was isolated in one case only. 

Afeiftoi ^.—-Failed to take infection. 

Simla strain ^ 

Method s. — Numerous large patches formed on tbe leaves, which increased in size 
as the leaves withered. Concentric rings were not formed. From ten 
infected pieces, the fungus was reisolated in six cases. 

These tests were conducted in March, when the temperature in Delhi is abnormally 
hig h for growing potatoes, and at a time when the disease does not usually appear. The 
method of inoculation, in the case of the Pusa str::in, was different from, and more 
severe than, that used with the ether strains. That the Simla strain is highly pathogenic 
on injured plants is clear. Infection clearly took place with the other strains, but was much 
' less severe, due possibly to the fact that the plants were not injured, possibly to the high 
temperatures prevailing. 

f Discussion 

Cooke [1905] described the leaf-curl of potato, due to M. solani (Cooke). Afterwards 
it was discovered by Saccardo that a species had already been named M. solani, wherefore, 
he called the present species Macrosporium Cookii, and it became known as a virulent 
parasite. The measurement and other characters of the small-spored Altemaria isolated 
from Ooty, Naini and Pnsa materials do not agree with M. Cookii (Saceardo). 

Elliot [1911] fully described the taxonomic characters of the genera Alternaria and 
Macrosporium. According to him, all phclavate, ovate, cuneate, or elongated pointed spores 
otih.K Macrosporiutth Alternaria type form chains and belong to Alternaria. The small, 
spored strains which occasionally formed chains in culture, and the f-rmatiou of characteris- 
tic AtUrnaria spots on the host, clearly indicate that they all belong to the genus Alternaria. 
Incomplete descriptions, mutations, secondary development of spores, dwarfing of spores 
in cultures, and facultative parasitism resulting on large host ranges, have created great 
' confusion in the classification of species of Alternaria. ' Elliot [19ll] placed the species of 


EARLY BLIGHT OF POTATO IH IHDIA 


301 


III] 

Altermria in seTen main, morphological groups, and he stressed the ooirit that ecMnulation 
is' not a , constant character. He showed that genaric natne Mmmsparium shonld be abandon- 
ed, because all the species of Macrospormm belong to Aliemarm ox Stenphylium^ having 
cateaulate, sarcinae form, or globose coi idia. 

, ' Youog,,, [1929] collected the 'literature, on Aiiernaria Macrospomm and tabtilatad 
the measnrements of the spores. of AUernaria and Macrosporium on diffe-"orit h <st genera o.f 
Solamcme, ' He arranged ihe species in the table oa the basis of mioioiam. spore lengths. 
The measnrements of the small-spored Altemaria mentioned in this paper do nc^t agree with 
his measurements of .4 spp. on' the genua Solanum. However,' thev agree with 
his^measuremeats of AUernaria on the genus Lycopersicum, auneiv 14.6<) x 7cJ0 and 
14-56 x11-14, the dimensions of the str,.d is from Ootaoamund, N-.ini an l P isa being 
24 X 12, 23 X 12 and 24 X 11 respectively. This indicates tha‘. the small-spored Alkmaria 
resembles the one on Lycopersimm. It somewha' res ^mbles A. totnaio Oooke in the amount 
of sporulation, colour, mode of septation and measurement of spores. A c litiire of 
A. solani Oooke was obtained from Baarn, but failed to form spores. 

it seems possible, but is by no means certain, that the smalLspored AUetnmia 
isolated from potato leaves from Ootaoamund, Naini and Pusa may bn A. tomato Oooke. 

To come to a definite conclusion it is essential to try again the pathoganicitv 
tests on potato, and also with Ootacamuad, Naini and Pusa strains on joung tomato 
plants. 

Summary 

(1) Isolations were made from diseased patches on potato leaves, obtained from 
OotacamnndrNaini, Pusa and Simla, suffering from ‘'early blight/' 

(2) isolates from Ootacamuad, Naini and Pusa closely resemble each other 

in their form, colour and cultural characters. They are non-chromogenic on oatmeal and 
two per cent potato dextrose agar, but partially chromogenic oa steamed rice. The Simla 
strain formed a small number of spores which were long, beaked, obolavate and typical 
il. spores ; cultuies of this strain were chromogenic. 

(3) Symptoms on the host and pathogenicity tests indicate that Simla str.dn is highly 
path ogenic, while Ootacamuad, Naini and Pusa strains are weak parasites. 

(4) In India “Early blight” cf potato is not only due to A. solani but it is also due to 

a smalLspored, abundantly to moderately sporing, and partially chromogenic species, 
possibly A. Cooke. 

(5) Puxther pathogenicity tests on potato and tomato plants are suggested. 
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A PRELIMINARY NOTE ON THE ESSENTIAL OIL BEARING PLANTS 

GROWING IN KASHMIR 

By I. C. Ohopea, K L. Handa and L. D. Kapooe, Drug Research Laboratory, 

Kashttiir State 

{Received for publication on 7 February 1946) 

C ONsiBBRABLB QTiaiitities of esseatial oils are in demand in India for medicinal and 
cosmetic purposes and most of these are at present imported into India It has been 
observed that a large number of essantial.oil bearing plants grow in a state of nature in 
Kashmir and the experimental cultivation of most of the exotics has been successful in 
the forest nurseries 

A preliminary investigation of these pla its was undertaken to ascertain whether 
the oils obtained from thes? could be successfully exploited for the above purposes. The 
percentage yield of the oil from the plant was ascertained and the specific gravity and 
refractive index of the oils obtained was tested. Detailed investigation of the essential 
oils obtained from some of 'hese plants is in hand and will be communicated in due 
course. The plants named below were studied. 

Mentha sylvestrislrsm. JangU Pudina) 

It is very common in Kashmir growing wild on the sides of water streams and other 
damp localities. Theplmt is often used in indigenous medicine as a carminative, anti, 
septic and stimulant. The dried leaves and flowering tops of the plant were steam- 
distilled and a pale yellow oil with a ininty odour was obtained. The results of analysis 
of the oil are given in Table I along with those of the Cyprus oil [Gildemeister and Hoff, 
mann, 1922.] 

Table t 

ResuUs of amyhis of the oil of K&aXhd. sylvesiTis 


Local oil 


Cyprus oil 


Yield of tbe oil 
Specific gravity 
Refractive index 
Ester value 


1.2 per cent 
0.985 at 15* C. 
1.47! at 20*^ C. 


0.9 per cent 
0.9852 at 15X. 
1.4685 at 20*C. 


Mentha arvensu (vbrn. Pudina) 

The plant is found wild in the Kashmir valley at an altitude of 5,000 ;o 10,000 ft. 
and is very common near Gulmarg. It is used locally as a stimulant and carminative. 
The dried leaves and flowering tops on steam distillation gave a p de orown essential" 
oil, the properties of which are comptred in Table II with the properties of Japanese 
natural and dementholished oil [Parry, 1921]. 

Table II 

Properties of the essential oil of Mentha arvensis 


Yield of the oil 
Specific Gravity 
Refractive index 


Local oil 

0.45 per cent 
0,9161 at C. 
1.474 'at 20* C. 


Japanese 
natural oil 

1.07 to 1.6 per cent 
0.90 to 0.912 at 15*^0. 
1.4600 to 1.4685 at 20'" C. 


Dementholised 

oil 

1 .07 to 1 *6 per cent 
0.894 to 0.906 at 15* C. 
1.459 to 1.465 at 20“C. 
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On allowing the oil to stand afc 0®C., no crystals of menthol separated. 

Mentha piperita 

The plant IS ' not indigenous, in ■ India, Some rooted suckers ,of the ' plants were 
obtained from ■ the Punjab Agriculture Oollege, 'Lyailpar, for trial cultivation,: The 
suckers were transplanted successfully in the drug nursery of die Department at 

Baramulla. The dried flowering tops and leaves of the plant were steam distilled and 
0.71 per cent ( f essential oil was recovered. 

In England the yield of the oil from the dry herb varies from 0.5 to i.O per cvnt 
and in Eussia a yield from 1.6 to 1,7 per cent from the dried leaves is the average 
.[Parry 1921]; , , ^ , • 

As the quantity of the sample obtained was small, sufficient oil could not be obtained 
for studying its properties. 

Mentha puiegium (Penny wysd) 

Pennyroyal oil is used in considerable quantities in perfuiBery and soap making. 
The plant is not indigenous to Kasnmir but has been succassfuily cultivated at the forest 
nursery Baramulla. The principal constituent of the pennyroyal oil is a ketone called 
pulgone* This can be changed to menfchone and then to mentlioi which has a great 
demand in India. The dried leaves and. flowering tops of the plant were steam .distilled 
and the properties of the oil obtained are compared in Table III with those of the 
Mediterranean Pennyroyal oil [Griidi meister and Hofmann, 1922], 

Table III 


The properties of the oil o/ Mentha pulegium 


j Local oil 1 

.■-'■-.■ ,|y, 1 

Mediterranean oil 

i 


Yield of the oil 


2,3 per cent 

— 


Specific gravity 


0,8025 at 15® C. 

0.93 to 0.95 at 15*C. 


Kefractive index 


1.483 at 20®C. 

1.483 to 1.486 at 20°C, 



Inula racemosa (mm, Poshkar) 


It is a moisture loving plant, grows on elevations ascending from 7,000 to 9,000 ft. 
and is common in Gurez and Gulmarg. The roots are used ia indigenous medidinei for 
their expectorant, diaphoretic and emmenagogue properties. They possess a mild aroma, 
tic odour and are sometimes used to adulterate Sausurea lappa {Kuth) whxeh brings a 
higher price in the market. It is collected early in i-utumn when the seeds mature. On steam- 
distilling the dry roots gave 0.3d per cent of essential oil which solidified on standing. 
Further properties, i. e. specific gravity and refractive index, are being studied. 

Lavanduta officinaUs 

Quite a large amount of lavender oil is used in India in perfumery and soap- 
making and the whole of this is imported from foreign countries. 

The seedlings of this plant were imported and experimencal cultivation was started 
at the drug nursery of the Forest Department. The dry flo vers w^re steam-distilled 
and the results of analy.‘U 9 of the oil obtained recorded. For comparison the properties of 
the English oil [Gildemeister and Hoff manu, 1922; Brtish Pharmacopoeiai Codex, 1934] 
are also given in Table IV. ^ 


ITield of the oH 


Specific gravity 


Percentage of, ester. 
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Table 17 

Properties of the of/ o/ Lavendula officinaiis 

I T.ora! nil I English oil 


Local oil 

2.4 per cent (of the 
dry flowers) 

0.9192 atlSX. 


24.8 per cent 


Srimmia laureola 


0.8 to 1.7 per cent (of the fresh 
flowers) 

0.882 to 0.90 at 1 5 *C. (foreign 
oil 0.883 to 0.895 at 15X.) 

7 to 14 per cent (foreign oil not 
less than 35 per cent) 


This plant is found in abundance as a undergrowth shrub in fir foists at an 
altitude of 7,000 to 9,(K)0 ft. Ifc is very common in O'ulmarg and Pahalgam. The leaves 
are often used locally as an incense and in smalUpox [Kanl,1928]. Tffie fresh leaves 
on steam distillation gave a light oil with the properties given in Table V . 

Table V 

F roper ties of the oil of SkimTBiB,l 2 i>uTeolH 


Yield of the oil 

1 0.49 per cent 

Specific gravity 

0.8058 at 15° C. 

Refractive index 

1.4784 at 20°C. 


The oil las been found to contain quite a large percentage of linalyl acetate 
which is the main cons it aent of the lavender oil. Skimmia oil, therefore, stands a good 
chance of its being employed in perfumery and soap.making in place of lavender 
oil. 

Thymus serphyllum Ban-ajwain) 

The plant grows wild throughout the Kashmir valley and is used in DWni and 
Ayurvedic systems for complaints in stomach and liver and as a remedy for toothaches. The 
whole dried plant on steam.distillation gave a pale yellow oil. In Table VI are given 
the properties of the local oil along with those of the European oil [Gildemeister and 
Hoffmann, 1922] 

Table VI 

Properties of the oil of TkjmViB 

Local oil European oil 

Yield of the oil 0,72 percent^ 0.15 torb.6 per ceS 

Specific gravity 0.9404 at 15® C. 0.890 to 0,92 at 15®C. 

Refractive index 1.5110 at 20® C. 

Smsurea lappa (vebn. 

It is a herbaceous plant growing wild in Kashmir forests. It grows in shady 
moist places especially under birch trees and dwarf willows. The chief places where 
it grows abundantly in K^ashn ir are the Kishenganga valley and the higher elevations 
of the Ohenab valley. It is also found in Reasi, Ramban and TJdhampur divisions. 
The roots are collected in autumn months before snowfall. They are mostly used as 
stimulant, in cough, asthama, fever, dyspepsia and skin diseases. It is locally employed 
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as a preservative for woollen goods. Large quantities of this are annually exported to 
China where it is burnt as an incense in Pagodas [Kaul, 1928]. 

were steam-distilled and a pale brown oil with characteristics as 
shown in Table VII is obtained. 


Table VII 

Characteristics of the oil of Sausurea lappa 


Yield of the oil 

1,22 per cent 

Specific gravity 

0.9099 at 1S«C. 

Refractive index 

1.522 at 20°C. 

Nepeta ciliaris 

(vern. Zufa) 


There are a number of species of Nepeta which grow wild in Kashmir. These 

siieeies are Nepeta dUaris, N. ruderalis and N. Miptica and all are used medicinally 

1310X0* 

Nepeta dliaris commonly grows at altitude between 6,000 to 7,000 ft. and a sharbet 

(syrup) made from leaves and seeds is given in coughs and fevers. The dried leaves 

and flowering tops were steam-distilled with results as shown in Table VIII. 

Table VIII 

Characteristics of the oil of Nepeta ciliaris 


Yield of the oil 
Specific gravity 
Refractive index 


0.548 pe cent 
L06i at 20®C. 
L409 at 20®C. 


Nepeta ruderalis 

It grows in Kashmir on the road side and is used in the treatment of fever and 
gonorrheoea- The dried leaves and flowering tops were steam. distills 1 but only traces 
of oil were obtained. 

The dried roots of Iris kumaoneneis (vern. Krisham) and Iris kashmiriana growing 
wild in Kashmir and reputed for their aromauc properties were also steam-distilled but 
only traces of the essemial oil were obtained* 

The dried bark of Betula utilis (vern* Bhojpattra) and the dried leaves and flowering 
tops of Plectranthus regosus {rem, Pumar) which also grow wild and are reputed for their 
aromatic properties gave on steam.distillation only traces of oil* 
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PLAKT QUARANTINE NOTIFICATION 

Notifimtian No. F. 16-5144- A. dated the Sri December 1945 of the Governmeta of India 
in the Department of Agriculture. 

In exercise of the powers conferred by Snb-section (1) of Section 3 of the Des. 
tractive Insects and Peats Act, 1914 {II of 1914), the Central Q-overnment is pleased to 
direct that the following further amendment shall be made in the order published with 
the notification of the Government of India in the late Department of Education, Health 
and Lands, No. P. 320/35.A., dated the 20th July 1936, namely : 

In sub-paragraph (1) of paragraph 14 of the said order, for the words ‘Kathiawar 
port’ the words ‘port of Kathiawar, or of the Lasbela or Kalat State’ shall be substituted. 



THE MAYNARD GANGA RAM PRIZE 

A pplications are invited for the award of the Maynard Ganga Ram Prize of Rs. 3, ODD 
for a discovery or an invention or a new practical method which will tend to increase 
agricultixral production in the Punjab on paying basis. The prize is open to all, irrespec- 
tive of caste, creed or nationality and Government servants also eligible for it. Essays 
and theses are not accepted. The prize will be awarded for something practically achieved 
as a result of work done after the prize was founded in 19id6. Competitors in their appli- 
cations must give a clear account of the history of their invention or discovery and must 
produce clear evidence that it is the result of their own work. In the case of an improved 
ciop details of parentage, evolution and history and a botanical description are necessary. 

The Managing Committee reserves to itself the right of withholding or postponing the 
prize if no satisfactory achievement is reported to it, or to reduce the amount of the prize 
or to divide it if the quality of the entries jiLStify this decision. 

Entries should reach the Director of Agriculture, Punjab, Lahore, not later than 31st 
October, 1946. 



ORIGINAL ARTICLES 

(’OMPARATIVE STI-DIES OX INDIAN BOILK 
DEPTH DISTRIBUTION OF WATER-SOLUBLE SALTS IN^ 
By U. N. Sen Gupta, Abhiswab Sen, A. Ukil and 

Imperial Agricultural Research New 

(Receive-d for publication <m21 ]dard.i jli44) t 

{‘the chief in the difforeiitiathm of the materials uithir^ o ><nl 

solution. A study of the nature of the soil solutioii, thejeion*. would yie 
about the soil forming processes. Zakharov [U^Ofd diseu^id the 
liition for the different processes of soil formatioji and (stablished its eha 
the various soil types. Though soil extracts prepared in the laiioratori 
1 to soil solutions existing under natural condition. Sigmond | ]lJ3bj iOiind thai 
;ery instructive in the chemical eharacteri;?atioii of a soil, 
ation of soluble salts in a soil depends mainly upon the pan-m material, 
ected by the climate-veget ation (?om]>lex. Tlie dependency oi the coinpus 
le parent material may sometimes be masked by the efiec't ol climate tvldc 
1 the concentration ratlier than the composition of the salts. .Arid regi 
ied by higher soluble Ksalt content than the humid legiems. J his is lat 
ore rainfall more soluble sails are expected to iorm in tlie soil AleCool ai 
ith soils from widely different climatic regions, found tliat ainoiinl.s of sah 
id region soils were actually smaller than th.ose from soils of hurriitl rcgi< 
d high leinpHrature salts try to accumnlate at the surface la>'crs of arid n 
3 wn in humid soils with higher rainfall. The resultant effect is ihe high c 
Its in arid regions and much less soluble salt content of tlie soils of Imm 
Thus effect of eliniate on a soil is more easily reflected on the solul/le salt i 
factor. Distribution of the salts along tlie profile is thus expected to be nr: 
ture of the horizon and its depth from the surlaee. Depth distribution < 
A -nroflle is. therefore, of importance in assessing the effect of climate on soi 


on was treated with excess ammonia and after acidifying the liquid with a 
I calcium*was precipitated as oxalate by boiling with 1 gm. ot ammonium < 
estimated from the precipitate in the usual way. 

’•’Descriptions of soils are given in part I of this series— Zw/Zati J. ayrit'.. scu 14, 333-44 

* 307 



The filtrate and vv^ashings from above were concentrated, ammooified anil treated with >sodiiim 
phospliate. It was left for 24 hours. The precipite^^ magnesium ammonium phosphate was 
washed, dried and ignited to magnesium pyrophosphate and weighed 

Carbonate, bicarbonate and chloride. Another 100 cx. aliquot was taken and titrated with N/50 
with phenolpthalein as indicator. Methyl orange was then added and titration was continued 
for bicarbonate. After neutralization, chloride was estimated by titration with^ 

K2Cr04 indicator. 

Sulphate. Sulphate was weighed as BaSO^ after precipitation from an acidified iOO c.e. aliquot 
by boiling with BaCl^. 

Pofamum. Another 100 c.c. aliquot was evaporated to dryness, treated with HCl and 1 v,c. 
H^BtClg. The residue was washed and weighed as K^PtCl.. 

Sodium. Sodiiun was obtained by difference. The acids and available bases were combined 
to form salts after the method of combination followed by Leather [1902]. Excess acid was assumed 
to be combined wdth sodium. 

Nitrate. Forty grams of soil were shaken with 200 c.c. of water with 1 gm. of CaSO,| to aid filtra- 
tion and filtered through an ordinary filter paper. An aliquot was evaporated on a porcelain basin 
on a water bath and the nitrate was determined by the phenol disulphonic acid method. Chlorides, 
w^hen present in large amounts, were removed by silver sulphate. 


C-LA8>SIEICATIOX OF INDIAN SOILS ON THE BASIS OF SOLUBLE SALTS 


The results of analysis are given in the appendix as percentages on air-dry soil. 

The analyses of aqueous extracts of the soils of the profiles have given useful indications regarding 
anions and cations which play an important role in the soil solution. Striking differences which 
indicate water and salt movement under climatic influences, have been noticed. On the basis of the 
naturt* and concentration of water soluble salts at different depths five main groups may be formed. 
In the profiles of the first group sodium and chlorine predominate ; in the second the sulphate radical 
is eitlier very low or absent ; the third group is characterized by the predominance of either Ca or 
Na or SO3 or C! ; the fourth is characterized by very high salt content, w^hile the fifth contains very 
low amount of salts. 

On the basis of relative concentrations also, five main groups may be differentiated. Thus 
. there are (i) profiles in which the concentration of soluble salts is highest at the surface and lowest 
at the bottom ; (ii) profiles in which the concentration is highest at the surface but lowest some- 
where in the middle of them ; (iii) profiles in which the concentration is highest somewhere in the 
middle, but lowest either at the surface or at the bottom ; (iv) profiles in which the concentration is 
highest at the bottom, and lowest either at the surface or somewhere in the middle ; and (v) pro- 
files in which the concentration of water-soluble salts is more or less uniform throughout and the 
total quantities of them are also very low. 

Group (iv) can be further subdivided into two groups {a) one in which the total quantity of water- 
soluble salts is very low, and the difference between the highest and the lowest is not considerable ; 
■and (/>) the other in which the total quantity of water-soluble salts is very high, and the difference 
between the highest and the lowest is also very great. 

Peshawar, Mianwali and Taliparamba come under the first group. In Peshawar profile sodium 
chloride has concentrated itself into the first two feet from the surface, there being practically nothing 
of it below this depth. Calcium and magnesium are proportional to total soluble salts in all the 
depths. The significant point of difference between, this profiile and the other two profiles (Mian- 
wali and Taliparamba) of this group is that sodium chloride, which concentrated itself into the first 
two feet of the former, was distributed throughout in the latter. 

The second group comprise Gurdaspur, Jorhat, Rangpur, Ranchi, Karachi and Nagpur. The 
amounfi of total salts in these profiles, with the exception of Karachi, is not high. Chloride, the pre- 
ponderating radical, is proportional to the total soluble salts. Sulphate is low and is not present in 
all the profiles. There is no nitrate in any of them. Karachi, however, is much richer in soluble 
salts than other profiles of the gi*oup and contains nitrate and enough of sulphate. Its composition 
shows closer proximity to group TIL Chloride is not proportional to total soluble salts in this profile. 
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, Lahore, Lyallpur, Kaiigra, Paclrauim» xMakrera, Chimiira. Sylhet, Haripor-Hazara, TaWji, KoiL; 
patti, Karimganj, Hagari, Saniaikot and Mirpurklias fall into the third group. They are mostly 
rich in calciom and sodium. Some of them are rich insnlphate. and some in ohi<jride. Those rich in 
sulphate are found to contain nitrate also, whereas those rich in chloride do not generally contain any 
' nitrate. CTdorine is proportional to the total soluble salts in most, of the ceases. In Hagari and SamaL 

kot, sodium is the preponderating base and in Mirpurklias p<*tassiinji. ]*adraiina and Mirpurkhas 
deviate slightly from the other profiles of the group in as much as tlie lowest ecau'entration of salts 
in them is in the middle instead of being either in the surface ^jr at the bottom. 

Group (iv, a) consists of Akola, Labhandi, Waraseoni, Coimbatore, XandyaL Anakapalle and 
Berhainpur. Sodium bicarbonate is the principal salt in Akola, LabliiUMli and Nandyal an<l cai- 
i ciiim bicarbonate in Waraseoni and Coimbatore. Nandyal is richer also in sodium sulphate and 

sodium chloride. The composition of Anakapalle and Berhanipur profiles hear resemblance to that 
^ of groiip (iv). Anakapalle is rich in calcium bicarbonate and sodium chloride, whereas Berham|)iir 
is rich in potassium bicarbonate and sodium chloride. There is no nitrate in any of them except 
Nandyal which contains some in the first two fetd only. 

Group (iv, b) consists of Sakrand and Padegacm. Thtw are the richest of all as far as soluble 
salts are concerned, so much so that the amount of salts at their lowest depth {5 ft.) are enough to 
n/ake a soil sterile. In the <‘ase of Sakrand, the (piantities of sodium and chlorine fall at 5 ft., al- 
t/liough there is a definite increase in tlie total soluble salts. Tliis is not the ease with Padegaon. 
All other radicals, except HCO 3 which has fallen towards the end in both the profiles, have follow^ed 
more or less the course of total soluble salts. 

Shall] ahanpur, Powerkhera, Indore, Sirsi, Surat, Ghandkhuri. Kheri-Adhartal, Khanui, Dacca, 
Pusa and Delhi come under group V. These are found to contain mostly calcium bicarbonate, Sirsi 
being perhaps the only exception. There is no nitrate in any of them except Pusa. They are the 
poorest of all in total soluble salts. 

The principal salt in Chandkhuri, Kheri-Adhartal, Khariia and Dacca is either calcium bicar- 
bonate or sodium chloride. 

■ ■ ■ ■ ■ . ■■ SUM,MA1.Y' 

On the basis of tlie nature and eoncentration of jr..oiul'>h^ sails at rlillerent <lc|>tlis. Indian soils 
may be classified into five main groups. 

(iTO'ifp I. The group is characterized by tIu* prcduimnafV'c of Xa and f’b Idie concent ration 
of soluble salts in such a profile is highest at the surfac'e and lowest at the bottoim 

.-Gfonp 1:1. , Sulphate is .very low ; soluble' .'.salts .are highest at the top, n.ot-lowe.st' at the. bottom. 
Gfotip III. It is characterized by predominance of either (Au or Na- or SO 3 or fl : concentration" '■ 
of salts is highest neither at the surface nor at the bottom. 

* Gmu-p IV. This group is genera ll,v characterized by very high salt content, the concentration 

being highest at the bottom. 

Group V. This group is characterized by low^ content of solulfic salts which are distributed more ; 
or less evenly throughout the profile. 
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VII. CAH B( IX AND NITROGEN STATUS OF INDIAN SOILS AND THEIR PROFILES 

By K. V. S. Satya.xarayax.a, K. Svyaminathajt and B. Viswa Nath, Imperial Agricultural 

Research Institute, New Delhi 

(Received for publication on 21 Ifiarch 1944) 

(Witii one text-figure) 

I X Part I of this seiies, Vis waiiaf>h and Ukil [1944] dealt with the regional and environnieDtal factor 
associated witli Indian soils. The carbon and nitrogen status of a soil and the ratio of carbon 
by nitrogen are important considerations both from the points of view of the developmental process 
in the soil and its agricultural value. A great deal of information on the carbon and nitrogen ratio 
of cold and temperate regions of the world is available but very little information is available on 
Indian soils. It is well known that cultivation brings about changes in the carbon and nitrogen 
levels of a soil. To obtain a precise information on the carbon and nitrogen contents of uncultivated 
and undisturbed soils, 43 profiles samples collected from all over India in the months of February 
and March, 1937, have been examined. The data for the carbon and nitrogen contents of the profiles 
have been obtained and these and the calculated carbon-nitrogen ratios are given in the appendix* 

■ Experimental 

Total nitrogen was estimated by the wet digestion method of Bal [1925] and by the dry digestion 
method described in A. 0. A. C. [1935]. Organic carbon was estimated by the dry combustion method 
of A, 0. A, C. [1935]. The organic carbon content has been obtained after making allowance for 
<^arbon-dioxide of carbonates estimated in the original sample and in the residual soil after dry - 
combiision. Precaution was taken to ascertain that the soil samples taken for carbon estimation 
did not contain pieces of wood, charcoal bits, etc. 

Results 

For purposes of determining the carbon and nitrogen status of the soils in relation to climate 
and colour classification, it will facilitate discussion if the soils are listed as shown in Table 1. 

Table I 

Grouping of the soils on climatic and Golou f basis 

(The numbers correspond to those gh^en in the appendix) 

Climatic division 

Semi-arid Humid Per-humid 


Orey and pink 


2. B&ipm* 
Hazma 
y. Lyalipur 


lO. Miauwaii 

1, Peshawar 
U. Sakrand 
12. XaracM 


45. Akola 

31. Indore 

32. Kharua 
48. Padegao# 
92. Surat 

52. Koiipatti 

54. Hagari 

55. Kandyal 

t 34. Tabiji 
50. Coimbatore 
57. Anakapalle 
: 60. Delhi 


3. Lahore 
7. Gurdaspur 
33. Makrera 


24. Nagpur 
! 27. Labhaiidi 

29. Kheri-Adhartal 

30. Powerkhera 
26. Samalket 


40. f'hinsnra 
18. Shahjaliaiipur 


! 26. Waraseoiii 
I 22- Ranchi 

1 28. I'handkhuri 

58. Berhampiir 

19. I*adra\iiia 

59. Pusa 


8. Kangra 
35. Jorhat 
'36. Kariinganj 
73. Sylhet 

38. Dacca 
35. Slrsi 

51. Xaliparamb p 

39. Rangpiir 
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fi] the brown soils of the arid region the carbon content deci'eases more rapidly with depth than 
the nitrogen content and the V N ratio narrows dowti with depth. The nitrogen content of the 
brovMi s<hls from Tabiji. roirnbatore and Anakapa lie of the setni-arid zone does not dider much with 
depth and so is the case with carbon. Tlie carbon- nitrogen ratio on the average is above U with 
slight variatio?]s ill the profile. 

Fn Chinsura and Shahjahanpiu* soils of the humid region the carlxm content is either steady or 
incre«ases slightly within the first three feet and then decreases in the fourth and fifth foot. The 
carbon contents in the first foot of Chinsura and Shahjahaupur are 0*69 and 0*22 per cent respectively. 
The nitrogen content of Cdiinsura soil varies from 0*086 per cent in the first foot depth to 0*051 at 
the fifth foot. At Shahjahaupur the soil nitrogen is practically the sam^ 0*082 at the first and fifth 
foot. The C/X ratio of the brown soils in the humid zone increases in the second and third foot and 
narrows down later. Four profiles of brown vsoil from Kangra, Jorliat, Karirnganj and Sylhet of the 
per-humid region show a gradual decrease of carbon and nitrogen with depth. The surface soils 
contain high arnoimts of carbon and nitrogen with an average C/N mtio of 12*2, narrowing with 
depth. There are definite signs of leacdiing and accumlation of carbon in the second foot depth 
of Sylhet soil. 

In grey and pink soils of the arid zone the carbon and nitrogen contents decrease with depth 
and C/N ratio on an average is high with values in the firstfoot of 11*4 in Mianwali and 16*7 in Mir- 
purkhas. The average C/N ratio for tlie profile is above 10. The grey and pink soils of Lahore, 
Giirdaspur and Makrera in the semi-arid region contain a fairly high proportion of nitrogen and the 
level is almost maintained in all depths. The carbon content is low and the C/N ratio is very narrow 
(5*0) with slight decrease in the profile. Makrera soils contain over 15 per cent lime as calcium car- 
bonate andj-.he average C/N ratio in the first three feet is 12*9 and 7*6 in the 3-5 ft. depth. In Berhain- 
pur soil of the humid region the ]iitrogen content remained steady in the profile but the carbon content 
decreases with depth and the C N ratio narrows from 11*21 at the surface to 6*0 at the last depth. 
In Rangpur profile of per-humid zone both carbon and nitrogen decrease with depth and the (j/N 
ratio narrows down from 13*8 at the surface to 1*9 at the last depth. 

The black soils examined are located in the semr-arid and humid regions. Tlte nitrogen content 
of the surface soils in the semi-arid region varies from 0*022 pej: cent in Koilpatti to 0*076) in the black 
soil of Surat. The nitrogen content at the lower depths, though lower tlian in the surface soils, 
remains fairly uniform. Similarly the carbon content of surface soil varies from 0*50 per cent at 
Hagari to 1*26 per cent at Kharua. The C/N ratio in all the profi les does not vary much with depth 
and the ratios are generally wfide. The average C/N ratios of the profiles from Kharua. Padegaon, 
Koilpatti. Hagari and Nandyal are 20*7, 19*5, 2T8, 15*3 and 20*8 respectively. The black soils of 
the humid region are from Nagpur, Labhandi, Kheri, Powerkhera and Samalkot, tlie last mentioned 
being an alluvial black soil. The carbon and nitrogen contents in the surface soils are similar ti> 
those in the semi-arid region, and decrease slightly with depth. The C/N ratios of the surface soils 
vary between 10-7 and 14*0. Considering the averages for the profile, only Nagpur and Kheri soils 
show the wide ratios of 16*3 and 17-1 respectively. There is a clear indication that as the amount 
of rainfall increases the C/N ratio narrows down in the black soils. This is borne out when the average 
C/N ratio of the black soils of the semi-arid and humid region are compared, the ratio decreasing 
from 14*6 in the semi-arid to 12-9 in the humid zone. 

The red soil profiles are from the humid and per-humid regions, in the profiles from Ranchi 
and Chandkhuri of the humid region there are indications of leaching dowm of organic matter and ac- 
cumulation in the lower horizons. The surface soil and the layers below* contain 0*03(5 per cent 
nitrogen at Ranchi, while it is 0-062 in the surface soil and 0*08 in the second layer decreasing later 
with depth in the Chandkhuri profile. The C/N ratio of the surface soils is near about 14*0 but the 
ratio decreases with depth. The average C/IS" ratio for the profiles of Ranchi and Chandkhuri is 
10 and 12*7 respectively. The profiles of Sirsi and Taliparamba are from the per-humid zone. The 
surface soils in both the places contain high amounts of carbon and nitrogen, which decrease with 
the depth of the profile. The C/N ratio of Sirsi profile narrows down from 10*4 at the surface to 5*0 
in the fifth foot. In the case of Taliparamba soil the C/N ratio does not show such wide difference 
with depth, C/N ratio in the first foot being 11*8 and 9*8 in the fifth foot 
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The calcareous soils from Peshawar, Sakrand and Karachi in the arid region and two soils from 
Padrauna and Pusa have also l)een examined. In Peshawar soil the surface soil has a nitrogen value 
of 0*077 per cent and from the second foot downwards remains constant with 0*03 per cent. The 
carbon content also decreases proportionately and the C/N ratio is fairly uniform with an average 
value of 11*8. In Sakrand soil also the surface value for nitrogen is 0*052 and remains steady at 0*03 
in the second foot and downwards. Carbon decreases with depth with an accumulation in the third 
and fourtli foot. The C/N ratio in the surface soil is narrow but widens in the lower depth>s. The 
Karachi soil is very poor in nitrogen, 0*018 per cent, which remains constant in the profile. The G/N 
ratio decreases from 17*9 in the surface to 8*8 in the last depth. In Padrauna sample the carbon 
content is 1*1 per cent, nitrogen 0*099 in the surface sample but both carbon and nitrogen decrease 
rapidly ivith depth and the average C/N ratio for the profile is 10*7. In Pusa soil the nitrogen content 
is low, 0*03 per cent, and the C/N ratio is wide with a value of ] 4*06 in the surface sample and an 
average value of 16*8 for the profile. 

^ Confining the attention to the surface soils, the average carbon and nitrogen content and the 
C/N ratios in the different climatic zones and colour groups of soils are as shown in Table II. The 
calcareous soils are included in Table II as a distinct group. 


Table II 


The average carbon ayid nitrogen content ay\d CjN ratios in different climatic zones and colour groups 
(The blanks in the table denote that there are no soils of that colour in the patieular climatic zone) 


Climatic division 
Colour division 


Semi-arid 


Per-humid 


^ . ■ ■ 

Organic (C) carbon mg. per cent 
Nitrogen (N) mg. per cent 

€/N : , ' ./.■■' 


Grey and pink- 

C . 

N . 


Cakareoun- 

C . 

C/N 


Average — 
C , 

C/N 


Discussion 


The influence of climate on humus ki the soil has been .discussed by Lang [1920]. Smolik [1926] 
has shown that total organic matter shows no variation with the rain factor, but that the chemical 


composition of humus appeared to be related^^tb p^ate. Eussel and McEuer [1927] in their in- 
vestigation of organic matter and nitrogen cox^mt ~oi virgin Nebraska soils fcund a linear relation- 


■ 
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ship between nitrogen and annual rainfall after reducing the soils to a cornnion liygroscopic coefficient 
to eliminate variation due to texture, 

Hans Jenny [1929, 1932] has shown a relationship between mean annual temperature and total 
nitrogen content. According to him climate is the outstanding factor which controls the nitrogen 
level of the loamy soils of the United Slates examined by him. Vegetation is the next important 
facto j‘, while topography and parent material probably rank third and fourth. The nitrogen values 
for soils of Russia, Norway, Denmark, Switzerland and Italy do not seem to contradict Jenny's 
view% But the soils of Palestine do not come under this category. 

The Indian soils which have been grouped into arid, semi-arid, humid and per-humid zones 
on the basis of N.S.Q., on lines similar to those of Jenny, give a picture different from the soils of 
the United States or Europe, In India the mean annual temperatures for a majority of places from 
where the soils have been studied are between 75"^. to (SO^F. The total carbon and nitrogen contents 
oi'the American and European soils are in many cases four times the values and even more as compared 
to those of India. Considering the values for the nitrogen <*oiitents of soils in the several zones, 
it is seen that if the data are plotted against temperature the figures for the arid, semi-arid and humid 
zones do not give a curve approaching anywhere to those obtained by Jenny (Fig. 1). On the other 
hand, when the points are joined irregular curves with several peaks and troughs are obtained. Hence 
the points on the graph are located but not joined. It is only in the case of values for the soils in 
the semi-arid zone that a tendency to approximate that of Jenny can perhaps be suspected. 

L ' . Q ^ 

■ ■ 0 ^ , ■ 

0 terftifmrd 


70 ?5 , BO B& 

M£AH ATOOAi mmmvni «r. 

Fio. 1. Nitrogen content of surface soils in relation to temperature of different elimatie zones 

In regard to carbon and nitrogen ratios Russel [1937] and several others have observed that 
in temperate regions the ratio is usually about 10 to 12 and that there is no definite relationship 
betw^een climate and carban/nitrogen ratio. Jenny has made the passing observation that C/N 
ratio of the soil organic matter seetns to become narrower with increasing temperatures. 

McLean [1930] foimd that the C/N ratio of 50 British soils wmrk at 10*2 + 0*3 and form a normal 
frequency curve with a well defined maximum at 9*5 to 10*4 although the range is from 6m to 13*5. 
Our data on Indian soils has shown that many soils have ratios very much narrower than 10 (of the 
order of 4 and 5) and very much wider even going over 25. Leighty and Shorey [1930] have suggested 
the use of a mean C/N ratio of the profile in comparing various soil profiles. In the case of Indian 
soils, considering the C/N ratio of surface soils the maximum frequency distribution occurs between 
1 1 and 13 and for the average G/N ratio of the profile the maximum frequency distribution lies between 
*10 and 12. The soils in the Punjab and Sind have generally narrower ratios compared to other 
places. 

In the present study the soils included differ widely in their mechanical composition and texture. 
The effect of the textural differences on the..C/N ratio of the siifrace soils and the average C/N ratio 
of the profiles has been examined. The data are presented in Table III. 
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The av(‘r<iup \aliies indicate that the 0/N ratio is KM K2 for the sandy ioani, silt}’ loam and 
loamy soils^^ fn the case of clay loam soils the C/N ratio is wide with a general average of 14*4, It 
is particiila)*ly interesting to note tliat 12 out of the 14 soils are black soils, the other two being a 
red soil of Kanclii and brownish l>lack soil of Ghinsura. Seven of the black soils are from the semi- 
arid region and their mean (.’/N ratio is 17*3 W'hile the rest of the 7 soils are from the humid region 
with an average C/K ratio of T2-L 

j^lcLean [1930] ol)served wide C K ratios of the order 23*0 from Sudan clay. The C/N ratios 
of the semi-ai*i(! Idack soils of India are comparable with other tropical l>laek soils in respect of the 
wide {.'/N ratios. The fact that tlie C' X ratio of the humid black soils is narrower compared to the 
semi-arid soils is indic'ative that moistnre supply in heavy black soils appears to be a limiting factor 
in carbon oxidation. An<ler.son and Bvers [1934] observed that wide divergence exists between 
the O N ratio of the soil groups chf‘rn(>zem, prairie, podsol, grey brown and laterite. However, they 
found the nmst consistant ratio !)•() (maximum 10 and mimmnm 7*5) in the chernozem group of soils. 
Thus it appears tliat the tropical black soils are not coinparable to the chernozems in respect of their 
G/N .ratios, , , ' 


i It is clear from the foregoing discussion of the data presented in the ])aper, that the general 

! level of carbon and nitrogen in the uncultivated soils and profiles is low. Tmder normal agricultural 

^ practices the-soils are liable to be depleted still further of their organic matter. The high mean annual 

temperatures of 24®C., 26'^C., '2b%\ and 24*4*^C. in the arid, semi-arid, humid and per-humid regions 
respectively do not permit the building up of organic matter reserves. Thus the Indian soils require 
adequate and constant supply of organic matter and nitrogen in most cases is substantiated. The 
S significance of these unusually wide and narrmver C/N ratios in respect of nitrogen transformation 
processes and soil fertility as determined by crop vdeld will be discussed in a subsequent commimi- 

oation. ■■ 

' ■ 


Summary 


The organic carbon and nitrogen contents of 43 uncultivated soil profiles distributed all over 
India have been examined. The fluctuations in the carbon and nitrogen contents in the soil colour 
groups brovrn, black, red, grey and pink and calcareous soils, under arid, semi-arid, humid and per- 
humid regions have been discussed. The general level of the carbon and nitrogen in most of the 
soils is low. No correlation between climate and nitrogen content could be traced. The carbon/ 
nitrogen ratios fluctuate widely from 5 to 25. 

Barring the black soils of the senii-arid region the maximum frequency of the average C/N ratio 
occurs between 10 and 12. The semi-arid black soils show unusually wide C/N ratios. In view 
of the high mean annual temperatures in India, the need for adequate supply of organic matter 
and nitrogen to the soils is evident. 
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Carbon, nitrogen contents in successive horizons of soil jrrofles t>i and region 
(N. S. Quotitienfc below 100) 






Nitrogen i 



Oeptli , 

pK 

CO, 

Organic 

.carbon 

Wet 

1 I>ry 

CaCoj. 

C/N 



2. Haripnr Bautra (Broim) 


: 0—12 . 



7-14 

3*8^ 

0-971 

■ ' 0*087 

0-07- 

t 4*68 

11-2 

12— .24 * 



7-16 

2*2^ 

1 0*417 

0*105 

o-oa^ 

t 5*06 

4*4 

24—36 . 



7-04 

2-l( 

) 0*521 

0‘im 

0*081= 

. 4*77 


.■'36—48^ 



7-03 

l-K 

0*374 

0*100 

0*08C 

► 2*63 

4-2 ' ^ 

48—60 . 



, , 7- 16 , 

hm 

r 0*365 

0-100 

'■O'Oai 

3-70 

4-0 






9. Lyallpur {Brotm) 




0—12 . 



V 7-60 

o-m 

5 0*320 

0-049. 


7*5 

: |2— 24 : ; 



7-10 

0'504 

r 0*191 

0*044 

0-0361 1*15 

4*8 

■:.24— 36-' 



6'66 

0-I3C 

0*144 

0*037 

0*037 

0*30 

3*9 

36—48 . 



6*46 

0*39t 

► 0-047 

0*031 

0*033 

0*90 

1*4 

48—60 . 



6*36 

0-126 

0*155 

0-037 

0-039 

0*29 

4*1 





10. 

Mianwali {Grey md pink) 




0—12 . 



7*31 

2*80 

0*457 

0*040 

0*040 

6*36 

11*4 

12—24 • 



t 7*61 

2*11 

0*239 

0*024 

0-624 

4*80 

10*0.,,, A 

24—36 



7-67 

2*85 

0*281 

0*024 

0*024 

6*48 

11*7 ‘ 

36—48 . 



7-91 

4*64 

0*223 

0*027 

0-022 

10-55 

8-3 

48—60 . 



7*94 

0*24 

0*369 

0*030 

0*030 

0*55 

12*3 





13. Mirpurkhas (Otty and pink) 




0—12 . 



7-34 

4*34 

0*569 

0*036 

0*032 

9*86 

' 15*8 

12—24 . 



7*48 

4*13 

0*343 

0*032 

0*032 

0*43 

10*7 

24—36 . 



7*63 

3*63 

0*368 

0*028 

0*028 

8*25 

13*1 

36—48 . 



7*64 

2*79 

0*339 

0*030 

0*030 

6*35 

1 11*3 

48—60 , 



7*81 

2*64 

0*353 

0*034 

0*032 

5.-77 

10*7 





1. Peshawar (Calearemis) 




0—12 



7*90 

8*02 

0*856 

0*077 

<>083 

18*20 

10*7 

12—24 . 



8-37 

8*58 

0*403 

0*030 

0*035 

19*50 

12*4 

24—36 . 



8-35 

8*27 

0*336 

0*033 

0*028 

18*80 

11*1 

36—48 . 



8-94 

7*87 

0*327 

0*034 

0*031 

17*93 

10-1 

48—60 . 


• 

8-67 

8*58 

0*347 , 

0*031 

0*026 

19*50 

12*3 





11. Sarkand (Caleareom) 




0—12 . 



7*69 

5*22 

0*325 

0-052 

0-050 

11*90 

6-4 

12—24. .. ’ 



7*80 

4*81 

0*237 

0*037 

0*037 

10*93 

7*4 

24—36 . 



7-23 

3*70 

0*470 

0*033 

0-033 

8*40 • 

14*1 

36—48 



7-24 

4*88 

0*432 

0*035 

0*040 

IMO 

11*4 

48—60 . 



7-27 

5*06 

0*221 

0*a39 

0-041 

11*50 

5*0 


'■ 



12. Karadhi {Ocdcareom) 







M4 

9*88 

0*305 

o*on 

0-017 

22*45 

17*^- ^ 




7*73 

10*68 

0*204 

0*012 

0*016 

24*27 

17-0 




7*62 

11-36 

9*208 

0*018 

0*018 

'25*80 

11*6 




7*32 

8*32 

0r242 

0*018 

0*018 

19*00 

13*j3 




7*40 

10*12 

0*115 

0*018 

0-018 

23*00 

8*8 
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Depth in inches 


0—12 
12—24 
'24—36, 
, 30— .48 
48—60 



.. .. .. ....... 

'.N'itrogen 


Orsniiie 


pK 1 CO„ 

'carbon. ; 


i . i 

i ' 

"1 ; 


Wet Pry 


25. Akota {Blmk) 



7-9 "1, 

440 1 0*72 

0*057 

0*055 

.10*00 ■; 


8*39 

3-37 1 ' 0*52 

0*030 

0*034. 

7*66 i 


8*47 

3*68 1 ■ 0*35 

0*031 

0*034 

84.0' 1 


.8*57 

3*88. j- - 0*38 

0*033. 

0*033 

8*80 


.8*57, 

i .T14 1 0‘41 

1 1 

1 -.0*033 

i ■ 

0*033 

1 ■ 11*70 j 


31. hidom {Black) 



.' ",7.*78' 

7*8 'i' 

.2*07 

MO 

0*65 

0*55 

0*057 

0*050 

, 0*044 
0*039 

,■4*70 

■2*50 

• . 

' . 7*53 

0*41 

0*43 

0*046 

0*037 

0*93' 


.7*41 '■ 

0*57 

1 . 0*20 

1 0*041 

' .0*030 

'1*30 ■ 


7*07 

1 . 1*13 

. .0*33 

1 0*036 

1 0*026 

2*57 


32. Kharau {Black) 



,7*5.1 . 

1*31 

1*26 

. ‘;*055 ■ 

0*055 i 


• ■ 7*45 

2*63 

0*663 

i)*034 

0*l,>34 1 


. '7*38 

2*92 

0*3iKl 

0*037 

.. 0*037 j 

• * • 

7*60 ' ' 

2*71 

0*729 

0*036 

0-036 i 

. . ' . .. j 

7*63 

I ' 2*50 ' 

0*693 

0*036 

0>03r» 


P(tdegao7i { Black) 


40. Surai {Black) 



''7*17 

0-55 

0*57 

0*076 i 

* * 

7*21 

0*18 

. ■ 0*58 

0*058 1 


-7*22 

' 0*25. 

0*51 

0*055 1 


■ ' ' 7*14 

'. .0*27: ' 

0*49 

0*048 I 


7*09 

r ■ ' ■0*25' 

0*37 

0*029. ! 


52. Kollpatti (Black) 


12—24 
24 — 36 

48—60 


54, Hagari (Black) 


a 
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Carbon, nitrogen contents in smcessive horizons of soil profihs region 

(N. S* Quotient 100*200) 


0—12 

12—24, 

24—36 

36—48 

48—60 


0—12 
12—24 
24—36 
;36— 48 
48—60 


0—12 

;vI2— 24'""' 

24—36 
36—48 
48 — 60 


0—12 

12—24 

24 3(ft 

36—48 

48—60 






Nitrogen 



„ in inches 

jjH 

CO2 1 

Organic 



CaOog 

■-."■C/N"'.,",, 


■ 1 


carbon 

Wet 

Dry 

1 




5o. Nmidyal (Black) 


34. Tahijii (Brown) 


oO. Ooimhatore (Brown) 


60. Delhi (Brown) 


7-o0 
7-01 
6*98 
7' 16 
7-41 


0*45 


0-28 

0-24 

0-24 

0*24 

0*22 


0-031 

0*033 

0*034 

0*031 

0*026 


0*026 

0*031 

0*031 

0*027 

0*027 


3. Lahore (Grey mid pink) 


8*21 

7-66 

■■T,-62: 

8*07 

8*12 


0*844 

0*633 

0*494 

0*847 

2*072 


0'311 

0*269 

0*150 

0*170 

0*129 


0*059 

0*052 

0*053 

0*053 

0*039 


0*055 

0*050 

0*055 

0*048 

0*039 


7. Ourdaspur (Grey and pink) 


1*03 

0*27 

0*13 

0*42 

0*71 


1*92 

1*44 

M2 

1*92 

4*71 



8*47 

1*734 

0*685 

0*036 

0*038 

■3*94'' 


' 8*58 

1*232 

0*560 

0-026 

0*026 

2*80 


8*71 

1*492 

0*429 

0*026 

0*022 

3*40 

. 

9*16 1 

1*965 

0-488 

0*024 , j 

0*024 

4*47 

. I 9*15 

. ' ■ 2 *104 . 

0*572 j 

. 0*024 j 

0*022 

4*78 


0—12 . 

7*05 

0*466 

0*425 

0*038 

0*038 

1*05 

12—24 , . . 

6*80 

0*428 

0*430 

0*040 

0*040 

0*97 

24—42 . 

7*18 

8*39 

0*540 

0*042 

0*042 

19*00 

42—60 . 

7*03 

8*53 

0*430 

0*034 

0*034 

19*40 



57. AnakpaUi (Brown) 



0—12 . 

^ 7*91 

0*038 

0*354 

0*032 

1 0*032 

i 0*086 

12—24 ^ , 

7*63 

0*099 

0*309 

0*028 

, 0*028 . 

0*028 

24—36 . 

7*89 

0*080 

0*390 

0*032 

0*032 

0*018 

36—48 . 

8-17 

0*036 

0*301 

0*028 

0*028 

0*080 

48—60 . 

A " 

0*067 

«-245 

0*022 

0*022 

0*150 


18*5" 

21*5. 

17*9 

20*3 

26*0 


0—12 . 



715 

0*451 

0*307 

0*018 

0*028 

1*03 

10*9 

12— 24, "."7 

■ 


6*85 

0*975 

0*182 

0*024 

0*018 

2*22 

8*7 

24—36 , 



757' 

0*722 

0*225 

0*022 

0*018 

1*64 

11*3 

36— 48. 



7-86 

0*920 

0*232 

0*022 

0*022 

2*90 

11*1 

48—60 , 

• 


8*43 

0*495 

0*120 1 

0*020 

0*016 

1*13 

6*6 


11*2 

10*8 

12*7 

12*6 


11*1 

11*0 

12*2 

10*8 

11*1 


9*7 

8*6 

7*4 

8*2 

8-0 


5*4 

5*3 

..■2*7,'':': 

3*0 

3*3 



7*88 

0*543 

0*372 

0-074 

0*072 

1*23 

5*1 

. 

738 

0*167 

0*305 

0*056 

0*055 


5*5 


7il,vT: 


0-294 

0-059 


0*17"r'^."' 

5*1 


7-05 


• • 0-253 ' 

0*057 

'0*057: 

0*35 

l': :-’ .:-:4-4 



<•057 



0*055 

0*13 

1 

4-1 


"A 


-A. 


IVJ 


COMPARATIVE STUBIES. OK IKBfAK SOIBS. VII 


325 


A F TE NDIK — M. 


Carbon^ niti’Ogen co^iteHts m successive harizous of soil prq/iks in arid region 


1 , 

-v , , , 


(K. S, Quotient 100-200 








1 Kitrogen 


1 ^ 

Bep.tk'in mehes 

pH 

CO; 

Organic 

— 

^ — 

OaCO, , 

O/K 




carbon 

j Wet 

Bry 





33. 

Maknra {Grey and pink) 




''0— 12 . . 

6’§5 

r 0-78 

0-82 

0-060 

1 , 0-058 

1*88 

13-S' 

1 ■ 12— 24. . ' . 

6-76 

0*09 

0-45 

0-036 

■ 0-037 

0-21 

■■ T2*6 

24—36 . 

6*80 

0-07 

0*44 

0-034 

! 0*034 

0-16 

12-4 

^ 36—48 . ■ .■■ , . 

■ 6-98 

7‘78- 

0-23 

0-028 

0*027 

. 17-70 . 

; 8-5- 

" 48—60 , 

7-00 

6-45 

0-13 

0-021 

i 0*019 

14-66 

6-7 




24:. Nagpur {Black) 




0—12 . 

7*31 f 

1-20 

0-595 

0-049 

0*046 

2-73 

12-1 

12—24 . 

7*51, j 

0-32 

0-596 

0-040 

0-040 

0-74 

14-0 

24—36 . 

7*38 ! 

0-33 

0-681 

0-034 

0-033 

0-74 

19-9 

36—48 . 

7‘54 , i 

0-27 

0-582 

0-033 

0-033 

0*61 

18-0 

48—60 . 

8-04 j 

2-40 

0-483 

0-030 

0*030 

5-45 

16-5 




27, Labhmdi (Black) 




0—12 . 

6*41 

0*058 

. 0-90 

0-057 

0*060 

0-13 ; 

13-4 

^ 12—24 . 

6-47 

^O-Oil 

0-60 

0-059 

0*044 

0-03 1 

11-7 

24—36 . 

6-08 

0-013 

0-44 

0-057 

0*046 

0-03 j 

.8-5 

36—48 . 

7-138 

0-034 

0-54 

0-049 

0-041 

0*08 1 

H-S 

48—60 , . * 

7-75 1 

0*055 

0-43 

0-460 

, 0-031 

0-12 i 

10-3 





29. KheH^Adhurkil {Black) 


0—12 . 



f 7-51 / 

0-19 

1 0-458 

0-043 

0-032 

0-45 

14-3 

12—24 . 



7-40 i 

0-147 

0-486 

0-033 i 

0-024 

0-33 

20-2 

24—36 . 



1 : ' ■ 7-40,.: , f 

1-316 

|: ■ 0-373 ^ 

0-029 

0-016 

2-99 

23*3 

30—48 . 


* I 

:■ . 'T-TS" ! 

1*566 

0-202 

0-016 

0-016 

3-56 

12-6 

48—60 . 

, 


, 7*3.1 i 

1*06 

0-243 

o-oia y 

0-016 

2-41 

15-2 


y 


fi' 



30. Poiverkhem (Black) 
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Carbon, nitrogen <n>*dents in stwcessive horizom i>oil in arid nitrogen 

i' r . . r : (N. S, Quotient 100-200) 


in meiieB ! //H CO2 


Organic 

carbon 


IS. Shahjahmipur {Broum) 


U — 12 . , . 

8'00 


0*22 

0*032 

0*032 

. . 

12 r --24 . , . . 

1*68 


0*34 

0*042 

0*032 

. . 

24—36 , , , 

' ■ 7-33 

• • 

0*31 

0 ' 03 S 

0*036 


36 — 48 - • » 

■ . . 7*27 


1 0*20 

0*040 j 

0*041 


48—60 , . • 

1 7-21 


1 0*17 

■ ■ 0*033 : 

0*039 



26. IVaraMoril {Greyish yellow) 


12—24 

. ♦ 

- ■^ \ 6*95 

24—36 

' m 

' , I 7*95 

36 — 48 


. , ' 1 7*56 

48—60 

♦ 

. 1 7*09 



i ■ 6*57 ! 

12—24 


. . 6*50 

24—36 


6*81 

36—48 


. . 7*14 

48—60 

t 

, , 7*43 

0-"^ — 0 

9. 

. . 1 7*16 

0 — lb 

« 

6*54 

16—28 


6*68 

28-40 


• « 7*30 

40 — 52 


■ 6*87 

52—60 


6*84 

0—12 


6*05 

12—24 


6*12 

24^36 


6*93 

36—48 

♦ ^ . 

7*08 

48—60 


, 7*13 


♦ 

* , 7*69 

. ■:i'2^24'::-^ 


• • 7*88 

24—36 

« ;■■■.; ■ 

. . 7*93 

36—48 


• . 7*96 

48—60 

■ ■ 

* , 7*83 

0—12 


7*28 

12—24 , 


7-44 

24—36 . 


7-21 

36-48 . 


7*28 

48—60 . 


7*45 


22, Manchi (Med) 


2$. Cluindhuhuri {Med) 


58, Berhampur {Grey and pinh) 


19, Padrauna {Calcareous) 


59. Pusa {Calcareous) 


W>U;>ARATI¥E STUDIES ON 
' ATFEKDiX— 

Carfm^t. nltm<fen w)ffp}}fs hi mccemxe horizons of soil ptojilps in per-Inanid m)W)i 

(X. 8. (^xi<)t ieiTt 4(>() aHfi aboue) 





. 

Nitrogen 



■ Depth. i.n. inches 

■ />H 

: ■ I 

<5)^ Organic . 

1 . : ' -cai-bon 

Wet ! Dry .j 

i * 

CaCO, 

C/N 


0—12 

12—24 

24—36 

36—48 

48—60 


0—12 

12—24. 

24—36 

36—48 

48—60 


0—12 

.12—24,: 

24—36 

36—48 

48—60 


8. Kimgra {Hrowti) 


'.0— 12'.,. , 

'6*93 ; 


1-196 

0-112 

0*105 

12—24 . ■ . . . . 

6*77, '■ 


0*746 

0-075 

0*074 

24—36 . . 

6*77 


0-327 

0-050 

0-046 

36—48 . 

081, 


0*206 

0-047 

0*036 

48 — '60 ' . 

6*38 


0-059 

0-031 

0-32 




'So, Joflutl (Brown) 


0— 12' . 

4'26 


1-04 

0*086 

0*683 

12—24 . . , . . . 

■ .4/10 


0*51 

0*042 

0-039 

24—36 . ' . ■ . 

.4*05 


0-16 

0*030 

. 0*031 

36—48 . ' 

1 ■■ 4*03 


0-25 

0*024 

0*024 

48—60 . . 

^ 4*10 

1 ■■ ..".i 

0-17 

0-020 

0*021 



36, 

Karimqmj (Brown) 


0—12 . 

5-81 

... ; 

0*777. 

0*086 

0*086 

12—24 . 

5*88 


0-561 

0-070 

0*070 

24—36... . 

5*80 

,, 

0*580 

0*048 

0*048 

36—48 . 

5-91 i 


0*523 

0*048 

0*048 

48—60 . . . 

6*22 ! 


0*325 

0*048 

0*048 


37. Sylliet (Brown) 


38. Dacca (Cfreykh hrown) 


43. Sirsi {Red) 

, 1 1-00 0*097 

0-43 0-057 

0*27 0-042 

0-17 0-042 

0 - 20 0-039 

TaUp<iramhu (Red) 

. ■■2'078 ■ ' 0-178 

1-277 0*098 

0-570 0-056 

0*552 0-050 

0-33 1 0-034 

39, Rangimr (Qrey and pM) 

1- 43 0-105 

6-63 0-049 

0-09 0*017 

0-02 0-009 

0-02 0*009 


4-84 

0-57 

0-076 

0*076 

4*45 

0*76 

0*074 

0*074 

4*17 

0-15 

0*068 

0*068 , . 

3*94 

0-15 

0*071 

0*071 

4-14 

0-13 

0-061 

0*061 


5*69 ^ . . 

0*982 

0*076 

0*076 . 

... 

4*64 

0-497 

0*056 

0*052 


4*74 

0-436 

0 044 

0*042 

. .. 

4*94 

0*389 

0*032 

0-032 


i-U 

0-243 

0-030 

0*028 

■ ... 
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COMPOSITION A AN INDEX OF THE NATUEE OF SOIL 
PEOFILE* 


By Dalip Singh, M.Sc. (Pb), Ph.D. (Cantab), Agricultural Chemist, Punjab, Lyailpur, and Giedhari 

Lab. M.Sg. (Agri.). Research Assistant, Punjab Agricultural Research Institute, Lyailpur 

{Eeceived for publication on 5 May 1045) 

( With Plates XXII and XXIII and one text-figure ) 

any one who has had an opportunity of studying the soil profiles of Indo-Gangetic alluvium, 

JL and more jiarticularly the ' Bhangar ' i.e. the older alluvium the presence of hvnlcar nodules or 
concretions of varying size, shape and colour must present a characteristic feature. Similar varia- 
tions in shape and size of lime nodules occurring in Tshernozems (Eiissia) have been reported by 
Kassatkin and Krasyuk [lpr7] f. 

An examination of a number of soil profiles in the South East Punjab indicated that the size, A 
shape and colour of kankar and other concretions had some relation to the nature of soil profiles. 
The process of leaching by rain water and attendant feter formation is not likely to affect CaCO^ 
only, but depending on the prevailing conclitions/otheiv constituents, e.g. magnesia, iron, manganese 
phosphorus, etc., may also be affected more or less. 

The nature of climate and of the soil profile determines the conditions of leaching, and thus the 
nature and amount of constituents mobilized should bear some relationship with the nature of cli- 
mate and soil profile. Further, these mobilized constituents will get deposited in the profile in its 
lower layers, because of a change in soil properties. This deposition may occur either along with 
taCOg in the kankar concretions or as separate concretions like ferromanganiferrous ones, or rarely 
even as limy ferruginous concretions. For example, under conditions of lateritic weathering silica 
is mobilized and may be deposited in the low^er layers of soil with high CaCO^^ and comparatively 
low’er pH, whereas under conditions of podzolic weathering, more particularly under conditions Qf 
poor aeration, sesquioxide>s are affected. It follows that kanhar from soil profiles of varied nature 
might vary in composition accordingly, and that its composition would bear some relationship to 
the nature of soil profile. This paper reports the results of an investigation carried out to elucidate 
these points. 

Very little work has been done on kankar composition so far ; w^hile the relationship of its com- 
position to nature of the soil profile has not been studied at all. However, a lot of W’ork on composi- 
tion and relation wfith nature of soil profiles for secondary formations in Podzols (i.e., ortsteins, 
ferruginous concretions) has been reported, notably by Bennet aTid Allison [1928], Winters [1938], 
Drosdoft'aiid Kikiforov and Beater [1940]. Composition of kankar has been given by Oldham [1891], 
in the Annual Eeport of the Dry Farming Eesearch Station, Sliolapur (1935), by C4illam [1937], and 
Beater [1940]. tVadia and co-workers [1935] have given a detailed bibliography on kankar con;ipo-'!|4 
sit ion. etc. 

The present work comprised a study of the diff'erences in cheniTcal composition and physical 
properties as affected by soil stage or phase of kankar soil profile, climate, soil type, texture of the 
mother soil, depth at w^Lich it occurs in the profile and size of the kanlar. 

Materials and methods 

Kankar samples were collected frcm the typical kanlar soil profiles from Eohtak district, from 
kankar profiles from Lyailpur, Ferozepur, Beas and Jullundur in the Punjab, fioni Eankather and 
Deoria in the United Provinces, from black cotton soils from Sholapur (Bombay Presidency) and 
Indore (Central India), from Bahrein (Persian Gulf), and from a number of other sites. 

Concretions and nodules retained on I mm. sieve w^ere well soaked wdth w’ater to loosen the 
adhering soil and washed till thoroughly clean. These w^ere finally washed with distilled water^ 
dried in the sun, weighed and reported on total weight of air dry soil. 

♦Part of a theaia submitted for partial fulfilment for the degree of M.Sc. by the junior author 
fCited bj Jofie, J. S. (1936). Peiology, S3 
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JiardneBs 
Pore space 


2, Olierniml propertw^^ 

(i) HCL extract analysis, Tlie Agriciiltiiral Education Associations method [Wright, 1939] was 
used. Additional quantity of the acid required to decompose carbonates was allowed for. 

(ii) VUiniate analysis. The A.O.A.G. [1940] method was followed, excepting that sodium car- 
bonate used was about half the quantity of Jcankar samples taken, as given by Scott [1925] for cement 
analysis. 

(Hi) Free sesquioxides. These were determined by Drosdoff and Truog’s method, as described 
by Eay Chaudhri and Sulaiman [1940]. 

- ..Expebimental' 

A. Effect of stage of soil profile developmenL During the collection of the kankar samples, it 
was noted that some of them were soft, whereas others very hard. Accordingly hardness number 
and compactness were determined in samples of unpounded from the different stages* of 

soil profile development. As a measure of compactness, pore space was calculated from data, of 
real and apparent density. The results are given in Table I. 

Table I 

Physical properties of kankar 


Hardness . 
Pore space . 


Haidness . 
Pore space , 


Young profim 


Inwiature profiles 
IC(i) 

4*0 

7*76 


Average 


1 . Physical properties 

(i) Si':e distrihatioH, It was <Ietennined by sieving the samples through sieves of square holes 
of U in.. I in., ] in. and round holes of 3, 2 and 1 rnm. diameter, and weighing the fractions re- 
tained on eacdi. 

(ii) Real density. It was <letermined by weighing the unpouaded sample in air and under ben- 
2 ene ; before weighing in benzene, the sample was left under benzene in a vacuum desiccator to let 
the liquid ■■■penetrate. The results were checked -by using a powdered sample and ■the usual ■spe^eifio'' 
' gravity bottle. 

ifii) Apparent density, A method for determining apparent density involving th# use of a thick 
lubricating oil (0 oil or gear oil) was used for the purpose. The determination was made on th« 
sample used for real density after benzene had completely Yolatilized. 

(iy) Molds Jnird ness It was determined as described by Alerrii [1897]. 

A, (v) pH value. It \vus determined by glass electrode. 


* Stage of development of soil profile refers to the amount of leaching, as determined by distribution of CaCOa in the 
profile ; young profile is that in which practically no leaching is perceptible, Immature shows depletion of CaCOa from hori- 
zons overlying kankar. In the case of ^emi-mature profile, the horizons overlying kankar have almost lost the whole of 
-CaCOa, whereas the mature profile is absolutely devoid of CaCOg till kankar appears. 


KANKAR as iNnEx-.OFy.imE.KAT'imE o.F 


Hardness . 
Pore space . 


IA{i) 

6*5 

2*05 


Mature profiles 
IC(hi) 

7 * 5 '.’. " 

4*26 


IE 

7*00 

4*48 


21-0 

10-79 


7*0 

3*60 


Semi-mature profiles 

IB(iv) 

7*0 

2*08 


14*0 

7*60 


7*0 

3*80 
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Ifc may be seen that kankar becomes harder and less porous till the senii-mature stage of soil 

profile is reached, i.e. when tlie horizons overlying ktnk-ar horizon have lost Cat'O;, corapletelv. No 
further change is noted in samples from the later stages of soil profile. When we e-Kamine the indivi- 
dual figures tve find that sample No. Id (iv), though bearing larp pore space Cil-'i!) has a hardness 

mimher of G-0. This may be explained due to its being doloniitic in character. 

To find out the composition of these different types of kankar, both ultimate analysis and hydro- 
chloric acid extract analvsis were carried out and the data.for typical samples are presented in Table 

II. 

Table II . 


Ultimate analysis oj typical kankar samples. 

Tereeniayf* on ttir ilry 


Sta.ge of soil protilo 

UepUi i>f 
oeeurronce 

Lo.h.s ou 
ignition 

SiOg 

Fe.Ai3 

P 3 O 3 , ' „ 

A 4 O 3 

nrul 

TiO... 

KngOa 

1 ■ ,CaO''. ■■':■ 

if,: Mgo/' 

Iramature . . . • 

14-2U ill. 

' 27»U) 

■ 2lb84 ^ . 

J-05 


7-95 ■■ , 

0‘04 

; , '28-52 . 

1-47 

Semi-mature 

14-2U iu. 

■ 22-71 

JO-IO 

■ ; '2-17 ' 


9-73 

0-10 

30‘54','" 

, '2-58 

Mature . . . . 

ill. 

26-18 

28-48 

3-35 


6-6() 

0*10 

31-02 

■ .2-16. 

UegradeJ* . . . . i 

;.ib*42 in. 

7*r»o 

' . ■55-27 ■ 

19-27 

0-84 '1 

11-64 

2-18 

0-75 ' 

0-65 




BudmeMoric acid extract analwh 



Moiisture 

10 .. 

liv^oluble 

residue 

Soluble ; 
silica 

VeM, 

FgOs 

AlgOs 

MilgOa 

t,'aO 

MgO 


.NagO 

Ca(,! 

l->iui va- 
lent , 

(),,t 

(Calcul- 
ated , 

Immature . 

<14-29 iu.)0-2:> 

23-73 

36-77 

■0-27 

2-44 

0-07 

4-67 

0-04 

28*34 

1-82 

0*25 "" 

0-43 

53-95 

50-60 

Semi-marure 

{14-20in.)-028 

22-71 

38-06 

0-31 

2-32 

0-07 

3-33 

0-10 

31-36 

1 -64 

0-25 

0*35 

51-65 

55-92 

Mature 

,<64-60 In. )0-48 

24-02 1 

33-91 

0-85 

2-72 

0-06 

2*69 

0-10 

29*99 

2*01 

' 0*22 

'■ N.l). 

54-61 

53-55 

degraded . 

(30-42 iii.)2 -45 

Nil .j 

65-81 

0*18 

15-92 

0-S4 

8-08 

1-96 

1-12 

1-38 

0*58 

0-39 

Nil 

2-00 


•The sanii’h^s are in fact ferro-inari'^aniferrou.s coiicretions, and cannot be cailled kavkar. Tiieise have been included to serve us a 

in composition of tiie t\vi> type> {’I. secotuiary formations. 

tEauivaleiU ia that coiiiputed from percentage t-0 a of the sample assuming that the whole of it has been derived from t'at'Oa. Cal- 
•ulated* iigiires have been worked out from percentage CaO, assuming that all of it is present as carbonate. 

It may be noted that the diiferent types do not show any systematic change. The mother 
soilj in the case of these samples varied from light loam to heavy loam. Since ianJcar has been 
formed by redeposition of CaCvOg, etc. ^ with the mother soil, the nature of the mother soil would affect^ 
its composition a great deal. It was thus felt necessary to analyse the mother soil for the samples 
of kankar studied. ' . 

'For a comparison of composition of sample from the different stages of soil profile development 
on a unifoim basis, the effect of varied nature of mother soil should be accounted for. Since kankar 
has been formed under conditions of abundant supply of CaCO,^, there are very little chances of SiO^ 
being mobilized and its being deposited in the lower layers. This is also the opinion of Sigmond 
[1938] and iMerril [1897], who maintain that in the formation of. soil from limestone rock, silica is 
not lost. It was thus felt that the amount of mother soil used in the formation of kankar samples 
could be calculated from Si 02 content of the two by the following formula : 

Percentage of SiOg in k^mkar 

Percentage of mother soil in kankar XlOO, 

Percentage of SiOg in mother soil — " 

Thus if the analysis of kankar and mother soil is known, the constituents other than those derived 
from mother soil that go to form various samples'can be calculated by subtracting the constituents 
supplied by the mother soil from the percentage composition of kanka/r. The detailed results are 
not given, but the balance of constituents thus calculated is given for all the samples in Table III. 


tTMs term lias been used after Bennet and Allison [1928] to designate the soil in which kanhar was found embedded. 
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■ s^-' 




■A 


■■"■ TABLE''-ni' , ■ ■ 

BahiHCe of kaiik?n' RORi<hhff'f*fR. Bas^tl ntf SiO.^ /f^reentaffe of kankar fUoJ ofolher snil 

Pem-httUte of air »iry 


Serial 
■ No. 

Profile 

■ 

'■ ■■''■.."o' 

Sr.'iae 

tore 

CO," 

1 Insolu- 
: able 

residue 

' 

[ ' FOaOi,;. 

Ai, 

O, . 


' i 

MiiaO. ; 

.[ 

( aO 

, 'M*iO 

! 

' ■ ■ 

KA> 

! . ■ 

1 

1 

iA(ai) 

Iniiiiat.ire 


22*73 

■ ' . (.H* ' 

1*47 

A'' 

1 

0*01 

.1 

O'Of i 

2o*rM 

‘ . .. 

O' 2.'* 

. ■ .■ . . 

■■ Si ■■ 

XB(u 



111* 17 

0*0 

0'23 

1 

ru 

0*003 

0-02 

23*11 

0'20 



3 

IB fv) 


— o*< 

■IS'jlfi ■ 

0*0 

I'OO 

0 

■4 

0*003 

0*01 I 

23-00 

M8 

0*02 

ih 11 

, A . 

IC(iv) 

1, . , ■ ,, ■',■• ■ . : 


' !S48 

0*0 

i 0*76 

.■ 1 

--18 

0'024 

0*03 I 

l.‘H!0 

8' 5 5 , 

0-22 

ihiir* 

;» . ' 

IB (il) 

Seiiii-ututure 


' 21 -.W 

0*0 ' 

(KU 1 

2' 

-04 

0*000 


2s '..L*' 

2'«MI 



f> 

ID . 


(••(rJi 

23' 4 ^ 

0*0 :■■! 

0**K) 1 

O' 

■31. ■ 

0*02(> 


30'03 

i O'liO 

0*07 

0*00 

7 ^ 

1 IB{iv) . 


IHI;’ 1 

21*08 

0*0 ! 

'O*.'>0 j 

1- 



.. 1 

27'37 




- s 

I A (i) 

Ma t ure ■ . . i 

O' 111 I 

23'07 

0*0 

1*4.‘> 1 

!• 

04 

0’*020 

0*08 1 

28 -Os 


-’o''J,’> 

SA>. 

9 

lA (ii) 

: , . . 1 

— 0'2.s , 

31*00 

0*0 

DOS ; 

O' 

■'■'2 

0*014 

■ 0*12 

43*I.'» 


0'07 


10 

lA (iv) 


~ — i 

27**22 

0*0 

■ 1*02 ( 

1' 

:*4 

0*074 

0*10 i 

33*20 j 

; 1 os 

O'OO 

0*00 

11 

IJ:; . 

-V hi 

iUtiii : 

31*00 

0*0 

1*12' 

0' 

35 


;■ “ !' 

40*37 

O'07 j 

1 . 1 




It nmy be noterl that in addition to the obvioins aecumuiatioii of carbonates, calcium and nuigtie- 
sium. in all the samples, aceuinuiution of iron and pliosphate tends to increase with maturity of the 
profile, but the evidence is in no way conelusis'e. 

B. Effect of dioHite ami soil type ov o/ikankai\ The role of climate in the Forma- 

tion of soils is now well recognized. Glinka [1914] has mentioned the formation of a similar soil 
from parent materials differing as widely as loess and granite. It was felt that since kankar is a 
secondary formation formed in the soil differences iiv climate would affect its composition. Samples 
oi kmikar from different soils and climates were analysed and the data together with tliat reported 
in literature are given in Table TV. As a criterion of climate. Meyer’s N : S quotient [Singniond, 
1938] is given in the first column. 

Theyffect of the soil type is clearly seen in Table IV. One of the Bahrein samples contains 
0*48 per cent SO;j as gypsum, while the other as much as 19^1 per cent. In c-ontrast with this sample, 
the sample from a slightly gypseous profile (percentage of CaS 04 :^l* 8 ) from Rohtak doe.s not con- 
tain any gypsum, presuipably because of less dry climate (N : S quotient 13 and 47 respectively). 

Tab^e IV 

Compesilioh of kankar {lime concretion) samples from different climate and soil types 

Pereetdmjtt mi <ilr dry 











■ ■ ■■■■ 







CaCO. 

I.ooaiity 


N. S. 
Quoti- 
eiu 

Mub- 

rur^* 

cu- 

[iisoiu- 
able 
resici lie 

Fe..Oa 

FA), 

A{..0., 
TiO;, ‘ 

MuA), 

CaO 

MgO 

KaO 

NiiaO 

SOa 

. 

Eqiii- 

Caleu- 








■ ■ . 


■ ■■ ■. . 





valent 

lated 

Bahrein fu) . 

. 

13*3 

o 

80 

31*27 

16*i 6 

t-77 

0-055 

1-83 

o*o;f 

42-47 

1-60 

0*40 

0*30 

0*48 

71-08 

75*84 

Baiireiuf/*) . 


l:!'3 

N 

In 

14*81 

11*84 

0*32 

0-023 

0-82 


33*50 

0-73 

0-30 

2-76 

10-13 

33*66 

50*08 

VfA'allpur 


4<**0 

1' 

.55 

20-00 

19-11 

4*18 


.5-96 

0-il. 

37-05 

2-44 

0-42 

0-23 

ml 

67 *2:1 

66*16 

Perozeuur 



0 

27 

20*10 

.32*20 

1*65 

O-oiiO 

1-85 


34*36 

M4 

0*31 

0-09 

M 

59*53 

61*37 

Eohtak 


40*0 

I* 

48 

24*02 

33*01 

2*72 

0*060 

2-60 


20*00 

2*01 

0*22 

N.D. 


54*61 

53*55 

i Do. 


40-0 




28*48 

3*35 


6-60 

040 

31*02 

2-16 

0-.52 

0*23 




Doloiaitu- 


- 4iri.i 

0 

30 

20-36 

44*00 

2*64 

0*060 ' 

4-45 

0*04 

15-16 

10-30 

0*33 

0*45 

i ■ '^ 

46*27 

27*07 

Beas . 



0 

TTT 

■31*01 

10*08 : 

1-8.5 

.. 1 

2-.50 

0*03 

40-87 

1*10 




, 72-50 


bJiiUuiidur . 



0 

80 

22*76 

25*40 , 

0*44 

•• 

2-84 

0*22 

20-40 

1 1*35 



[ ■ ■ ■,’;■ 

51-75 

52*67 ' 

Deorhi d'. lA) 


102*4 

It 

A 7 

24*58 

20*22 

2-13 

0*04 

0-04 

0*23 

32-65 

i 2-03 

o’-44 

0-23 


55*90 

58*33 

Indore (white) 


. 00*4 



31*02 

15*84 

2*02 

0*033 ! 

2-82 

0*41 

40*08 

0*89 

0-42 

0-36 

' 1 J ' 

70-50 

71 '5n 

fidaek) 


OU'4'..j 

! 

•20 

35*04 

0*48 

1-06 

0*033 , 

2-58 

0*41 

46*31 

0*81 

; 0-26 

0-15 

■ 1 

81-00 

82-74 

Biiamir 


.57-0 



X.D. 

7*06 

15-07 

0*08 

.5*07 

N.O. 

36-63 

0-20 

0-38 

sr.D. 

N.D. 


65-4U 

Moodv aud Crofton Series 




”* 

16*0 j 

.' • . ■ .i 




44*0 

1-40 




83*7 

Sl-0. 

(f. S. A.). 


















i Mr. Edsiecomhe (S. 

Africa; , 

225*4 1 

1 

•44 

23*0 

27*76 

5*00 j 

0-06 

1-05 

1 0*00 

31-45 ' 

1*54 

0-58 

0*22 


12-3 

56*1. 

^ Matnnzas (Cuba) 


250*(» 1 

1 

■35 

j 1*22 

15*60 

46-38 

0-20 ' 

48*13 

0*85 

2-70: ■' 

0*40 

0-26 

1-65 


2*77 

4*08 


1 Besitlts of fusion analysis. For pnrix>ses of eompariisou of Ucl extract ami fusion analysis, results for Rohtak .samplwi by the two 
methods are given. 

The other tw-o Rohtak samples coming from calcareous and dolomitic profiles respectively show a 
corresponding difference in their CaO and MgO content. The dolomitic sample contains as muclj 

i> 
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mm. 


as 10-30 per cent :\lgO as coniparerl to 2-16 per cent for limy sample. The limy ferruginous sample 
from black cotton tract (Bijapur) has a high iron content (io per cent FcjOg) and also of CaCO^ 

[65 per cent and very little of SiOg (7 per cent)], whereas the Indore limy samples (both black and 
white) are very poor in iron and silica and much richer in carbonates (85 per cent). The sample . 

from lloody and (,’rofton series (U. S. A.) contains much more of carbonates and presumably very 
little of iron. The Mt. Edgecombe sample, though similar to the Rohtak sample in many respects 
contains much less of alumina. Lastly the sample (Perdigon as Beimet and .VUisoii call it) from 
Cuba is seen to be highly rich in iron (46-4 per cent PeaOg) but very poor in silica (15-6 per cent) 
and carbonates (1 -2 per cent). 1 n fact the mother soil is richer in carbonates (3-6 per cent) than the ; 

concretiom. , ■ j 

In general it may be said that as N : S quotient increases, percentage of FejOs in concretions i 

increases. _ -I 

C. Effed. of texture of the mother soil. While taking kankar samples from,soil profiles of different ^ ^ 
texture, a great difference in size and shape was noted. Determination of the size distribution of 
a few kankar samples was carried out and the data are presented in Table Y. • 


T.4BiE V 


Determination of the size (Ustribvtion o/ kankar 


IH Beoria * 
IF Jtillundur 
IB IV Rohtak 
lA (i) Do. 
IB (ii) Do. 
Ih (i) Do. 
IC Lyallpur 
lA (ii) Rohtak 


In Table V specific surface per 100 gm. of ImiTcar sample is given in the last column, and 
provides a single value for the size distribution. It is low in the case of preponderantly coarse samples, 
and high in the case of small sized samples. It may be seen that specific surface is low in case of 
samples from light textured mother soils and vice versa. Correlation coeificient (r) of specific surface 
with clay per cent in mother soil comes to + 0*929 (expected value at 1 per cent =0*765), indicating 
very liigh relationship. 

Samples from heavy textured mother soil are conchoidal, elliptical to spherical in shape and 
no marked change of shape with increase in size is noted ; whereas samples from light textured mother 
soils were found to present a great deal of difference in shape with increase in size (Plate XXII, fig. 2). 

The large pieces are much more angular (locally called ybiclihwa^ or .scorpion type because of their ^ 
appendages) and have many holes permeating them (Plate XXII, fig. 1). 

It w^as felt that the difference in texture of the mother soil would affect the composition of Imnhorr, 
it may be that soil particles of different texture re<|uke different quantities of calcium carbonate 
fur their b^ng ceinented together. Since percent%4- of sesqiiioxides, P2O5, manganese, etc, in 


i in. 3 mm. 

18-9 16*2 

37*9 22-9 

25-4 7*0 

47-0 2-0 

51-1 23-2 

74*5 21-4 

71*8 

19*8 74-8 


2-0 

2*5 

0*1 

1-0 

0*3 

lo'2 

4-8 


2-4 

0-5 

13-0 

0-7 


11*0 

13*7 

110 

6*5 

10*7 

17*2 

32*1 

300 


14*8 

37-4 

54*0 

54*5 

22*3 

3*3 


47*5 

13*0 
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JIG. 1. Micropnotograpiis 

IK [IA(i)--Mature] x 62 ^ 7 K [IB (ij—Immature] x 57 

Q Quartz ; Ga— Calcite j Mu— Muscovite ; Bi— Oxidized Biotite 
claj — Ca- Clay- calcite 
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bnilc/fr are ^icreatly affected by cliinafe, iiiaturitv of , soil profile, etc., it was thought projK-r to 
pare samples froiu the same f'limate. The results for such a coruparisou art^ pres<inted ia Tabh* VL 

Table Vf 


ilf tejfHre iffmdher soit of efmfj^mshiofi of kaukar 
,Fef€eniu§^^ on air dnimm/pk 



Te % t lire of mother soil 

Percentage 

Pfieetitage of kanknr 

-■.'''■/Locality ■' ■■ 



of mother 






, 'clay 

silt 

soil 

BiO-." 

■Fe.O,T 

Al/J, 

CiikiC 

1. Bea^ (Dist. Amrit- 

2*0 

2-5 

46*8 

' 

36-7 

3*7 ■ 

: ' 

'8*0 ■ 

. 

■ 48*7 

sar). 








2.. Rohtak 

f)*5 

20-O, 

.88*7 

.28-5 ' 

3*4 

6-6 ,■ ■ 

51*6 

•3. Eohtafc' " ■■ . ' ■ ■■ . 

■ 10*7, 

24*0 

4t5-3 

30*1 

3*2 . 

7*7 

51*6 

4. Roktak 

! 25*9 

* 37-2 

35*3 

23-2 

4-U 

6*8 1 

60*0 

5. Rohtak 

io-b 

52-5 

18*4 

i2-i 

1-9 

4*6 i 

7S*4 

6. Beas . 

27-tj 

38*8 

20*6 

14*0 

4*0 

5*4 

72*5 


A progrevssive increase of carbonates with increase in clay content of the mother soil is noted. 
Correspondingly percentage SiOo content of Imikar goes on decreasing with the heaviness of texture 
of the mother soil Percentage of mother soil, in general, is low in santj:)les from iieavy textured 
mother soils and high in samples from light tcxtureii mother .soil. The figures for iron and alumina 
do not warrant any general remarks. (Jorrelation coefficient (r) of percentage of CaCO.^ in Jcankar 
samples with clay' content of the mother soil works out to + ()*84*2 imlicating very high significance, 
expected value at 1 per cent being 0*699. 

D. Effect of size. To study how variation in size of hinkar affected its composition, different- 
fractions (above 11 in., f in., J in., ?> mm. and that belovr 2 mm.) of two samples of kanknr from 
profile IB and lA were analysed for their HC! extract. The results are subjoined in Table VI I. 

Table VII 

Effect of size on kankar composition 
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It may be noted tiiat tbe different fractions, except that for below 2 nim., do not differ inaterially 
in composition. Fraction below 2 mm. was obtained by sieving the powdered soil under water on 
a 100 mash sieve, and cleaning the sample retained on the sieve from coarse sand and mica. The 
low carbonate content of this fraction is possibly due to contamination with san 

E. Niffntw aspect o/kankar. That plant roots excrete carbonic acid, and under conditions of 
poor aeration even organic acids, etc., is well known [Miller, 1939]. In view of the fact that 
contains appreidahle quantities of nutrients (0-03— 0-09 per cent PoO^ and 0*15 to 0*47 per cent 
K2O), and further that these are at least in part soluble in water charged with carbonic acid, an 
estimate of the solubility of various constituents of different kanhar samples in CO2 water was under- 
taken. Three samples of kaukar and one of ferro-manganiferous concretions vrere placed in gooch 
crucibles and leached with C'Og water at 35°€. (0*12 per cent by weight) till almost free of calcium.^ 
The results of analvsis are oiven in Table VIII. 

Table VIII 


CompositioH of CO 2 water leacfiate of kmkciv sample 



Parts per million. 

Fe.Mn. 

' ' ' ■ ■ 

Mature 

• i 

Mature 

Mature 

dolomitie 

concretions 

Fe^Os . . 

^ ; ■ 2-88 


0-80 

0-06 

0 

0 

PA • • 

0-20 


0-06 

0-02 

!■ 0*14 

CaO . - 

400-6 


264*0 

35-0 

28-9 

MgO 

5-0 


1*5 

30-0 

2-0 


The results show that some of the samples give appreciable quantities of nutrients and are thus 
of use to crop. It is interesting to note that the Fe.Mn .concretions yield comparatively small amount 
of P2O5 in view of the fact that it has 0*84 per cent P2 O5. 

F. Generah Kankar has a of 8*2 to 9*0 and is non-magnetic. It does not contain an^ 
appreciable organic matter, as evidenced by action of hydrogen peroxide. Even the ferro-mangani- 
ferrons concretions are non-magnetic and devoid of organic matter. Their joH is 7*0 to 7*2. 

Discussion 

1. Nature o/‘ kankar. The use of word ' kankar ' or ‘ hmkur ’ to designate concretions or nodules 
of lime carbonate found in India is well recognized [Sigmond, 1938 : Hilgard, 1930]. In practice, 
however, this term is applied for various kinds of formations in the soils, e.g. lime nodules, lime 
concretions, lime stone slabs locally called bichhwa, kankar, ror and bhata respectively. 

These formations may be said to be the different types of kankar. A photo of these together 
with other types of kankar studied is given in Plate XXII, fig. 2 and Plate XXIII, fig. 2. 

On the basis of physical and chemical characters . for these samples, reported earlier, and micro- 
photogi‘aphs (Plate XXIII, fig. 1), one may say that kankar is essentially a mixture of 50-75 per cent 
of lime carbonate (or at times lime and magnesium carbonate) with 13-57 per cent of soil in which 
it is formed. These together with varying amount of free sesquioxides, P2O5, Mn203, etc., form a 
concretionary or nodular body. It is definitely of the nature of a secondary formation as distinct 
from impure lime stone. In consistency it is soft (Moh's hardness No. 1-3) in the initial stages of 
formation and becomes hard (hardness No. 7) with maturity. 

6illa])i [1937], in his description of the lime concretions of Moody and Crofton series, has men- 
tioned that they are annular in structure. The micro-photographs of samples (Plate XXIII, 

fig, 1), however, do not exhibit this structure. These photos further show that calcium carbonate 
(oalcite) has deposited round quartz, clay and other minerals in rather an irregular manner and has 
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pemeiited the whole intiss. lliiH structure suggests the deposition <)f caleiutn carbonate in pores, 
cavities, channels. et('.. through which water movement in the liquid state took jdace. 

2. IMafioHhhlp of kankar tppe ami percentage of earboymies of mother soils. Looking up the 
chara,cters of inothej* soils for all bhafa (slab type) and hicMiwa (scorpion) types of kankar samples 
from Rohtak district, tliey are found to contain the following quantities of carbonates : 


Knukar type 


ATCrage. ' 
peroeritage of 
carbonates 


No. of Hiu a plert 




The above data point out that slab type of develops in soils with very high percentage 

of CaCO<j"— about 24. This may be due to the fact that the imtially large percentage of carbonates, 
supplemented by leached carbonates received in the non-capillary pores, is enough to cement the 
whole mass and transform it into kankar. It may be stated tlmt kankar contains about 50-60 per 
cent of carbonates. However, several other factors may be involved. Another significant difference 
between the mother soils of two types is that those giving slab type are richer in magnesium carbonate. 

3. Porosity o/ kankar as an index of the stage of soil profile. In the initial stages of kankar 
formation, calcium carbonate deposited is more or less loose. It gets compact either by inclusion of 
fresh CaCOg, sesquioxides, etc., with the progress of the process, or only by pressure or by both. It 
follows, therefore, that the percentage of pore space m kankar should bear a relationship to the stage 
of soil profile. It is seen from Table I that the percentage of pore space in kankar goes on decreasing 
till the soil profile becomes semi-mature, after w’hich there is no change. 

As CaCOg in the horizons overlying imikar becomes lower by progressive leaching, the stage of 
a soil profile is I’elated with the amount and distribution of CaCOg in the profile. The young and 
immature profiles have lot of carbonates in the horizons overlying kankar, whereas the more mature 
ones do not have any in the horizons overlying kankar. Percentage of pore space in kankar, there- 
fore, should bear a relationship with percentage of carbonates of the overlying horizons. When the 
two sets of data are studied it is seen that in general pore space in kankar decreases as the percentage 
of CaCOg of the liorizons overlying kankar becomes lower. Thus it may be sairi that porosity of 
kankar is a fiiiriy good index of the stage of soil profile. 

4. Depth of kankar hfrizon. Depth of kankar horizon is found to vary widely even at places 
' small distances apart. Wyssotski [1899] and Hilgard [1930] believe this depth indicates the depth 

of penetration bv rain water. Sharitz [1923] thought it to be the r^egiori of desiccation of moisture 
by plant roots. Dillam [1937] has discussed the whole problem and maintains that the percentage of 
OaC'Og in the profile is a major factor. A profile with a high content of calcium carbonate will develop 
the horizon higher than one wuth a relatively low percentage of CaCOg due to the ability of the 
former to saturate the leaching water with CaCOg at a much higher level. The various factors con- 
trolling the depth of the horizon may be grouped as under : 

1. Depth of infiltration of water, 

2. Percentage of CaCOg of the profile. 

3. Depth of the layers desiccated. 

In the profiles examined there is evidence of all these i actors affecting the depth of kankar 
horizon. The available data for a few profiles are depicted in columns drawn for each profile (Fig. 1). 
No single factor explains all the results. The problem, however, is a very complicated one, and more 
Ciata are required to make any definite observation. 

5. Factors affecting Ghemical composition of kankar %iwler the same cdimafe. From a considera- 
tion of the process of kankar formation, it may he concluded that as 13-57 per cent of kankar is 
mother soil, its (mother soiPs) composition should affect kankar composition. A reference to results 
of the analysis of mother soils and respective kankar samples shows that a relationship does exist. 
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As exaniples, it is seen that the dolomitic soils give rise to saiiipies rich in magnesia 
colour of the kcinkur sainple is similarly influenced by that of the mother soil. 


Further, the* 
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E’la. L Depth of Kunlur horizon and soil characters 

Th.B.i hmlcar contains miicli larger quantities of carbonates than the mother soil needs no meri^‘ 
tion. This large percentage of carbonates in. hanhar affects the gross percentage figures of other 
constituents, and a comparison of other constituents with those of mother soil containing compara- 
tively much less carbonates is not sound. To compare the composition of the mother soil and hankar 
regardless of carbonates, these should be expressed as percentage on carbonate free niaterial. The 
results of such a comparison are set forth in Table IX. 
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Table IX 

J fottijiaristiii oj' the cmnjmxilinn of mother soils am! les/H-clire kuiikrtr samples 


-no. i 


Stnyfi i Mnis-' M.liible I’V./), AljOj Mn^O;, <h(> 

I : iTcidlly 


K"sO Na^O 


1 I Lya}l|.ur . ; 'S oiunj 


TJobiak . ' IjDimatinr 


3 ■ Kobtnk I B < v)i 


4 Pohiak ] B ( iij)! i l'U> 


5 KohtakJB(ii) 


6 ! KohtakJB . 


KohtakiAU) ; Mature 


Kohtak ]A (ii) 


y Eohtak Slab Immature 
Type 


77 -74 B-Afl 


3*114 I .Sl-'.>3 


0-75:. ■ by*20 


7-1 r» 0*474 1' 

5-ltK) {>*154 U’ 


71»*s4 : . 5*30 10*14 CMu2 <> 

.><|*]<‘. , 4 :JV) trS2 0*147 0* 


1*0^ ; 0*50 8*08 0*1<X> 0- 


!*93 S*61 0*103 0* 


'-55 9*06 0*188 O' 


••♦Rl i 0-05 0*02 O-ltX) 


0*55 { 15*07 I 0*150 j O' 


00*23 4*71 14*90 


70*78 4*08 4*57 0*150 O' 


4*20 0*004 O' 


1-00 74*87 I 0*00 5*93 0*130 0- 

0*80 85*88 I 3*44 5-30 0*000 


s;i 54*87 r>*93 4*59 0*074 O' 

1*55 80*84 4-18 K-10 0*034 


1*18 ^2*13 5*02 8*08 0*151 

85*90 3*01 5*24 0*105 0*031 


IfXt i2*O0 


ilother m il 


Comparing the results of insoluble residue from samples of various stages, we find a smali differ 
ence (77-7 and 81*3 per cent for Jcankar and mother soil respectively) in the case of young profile 
^Lyallpur). The samples from immature profiles have practically the same insoluble residue as 
^iihe mother soil. A progressive lowering in samples from more mature profiles is noted. The tw'o 
f ^.samples from mature profiles have 74*7 and 54-9 per cent insoluble residue as compared to 85*9 and 
80-8 per cent respectively of their mother soils. The two slab type samples have practically the 
same insoluble residue as their mother soils. 

All the hanlcar samples are richer in iron than the respective mother soils, the difference varying 
from sample to sample. The excess is present very pro])ably as free in the form of linionite. 

The kmlmr samples, in general, contain as much alumina as the mother soil. The slab type sample 
is, hovrever, found to contain 8*08 as compared to 5*2 in the mother soil Percentage of in 

Lyallpur hanhar sample (0*474 per cent) is considerably higher than for the mother soil (0-154 per 
cent). The initnature samples contain as much phosphorus as the mother soil, whereas the semi- 
mature and mature ones higher quantities. 

Some of the kanktr samples are much richer in manganese, samples from mature and semi- 
f mature profiles containing higher quantities.* Figures for potash and soda do not show any eon- 
' '' .sistent difference, and the Jcankar samples, in general, contain as much of these constituents as the 
'mother soil. NotMng can he said with certainly about lime and magnesia, as in allowing for a large 
percentage of carbonates and its distribution as between lime and magnesia in dolomitic samples, a 
large error creeps in. 
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In view of tiie al>oV(\ it may he said that when kuidcar and ruotlier soil analysis are expr^-ised 
as per<‘f‘ntage on carbonate free material, the two more or less agree in alumina, potasii and so(ia,. 
As regards other constituents, the nature of soil conditions fletermines their amount, e.g. iron, phos* 
phate and manganese in kankar tend to be higher in kmdvr w'hen compared to that in mother soils 
more particularly for mature profiles. In the case of mature soil profiles, these constituents may 
some time segregate as ferruginous concretions of the composition given in Table If. Insoluble 
lesldue in the case of mature samples is lower than that of the mother soils which cannot be readily 
explained. It may possibly be due to the preferential mixing of finer particles of mother soil with 
CaCOo, and as these are less siliceous, the resulting product is also less siliceous. 

Tiic formation of spherical or rounded concretions in heavy soils as compare<l tr> large irregular 
and angular nodules in light soils {described previously) is prol>ably due to the difierence in siz^ r>f 
soil crumbs, pore sizc\ etc. The process of deposition of carbonates in non-(‘a{)illary pores remains 
nmre localized in heavy soils, but spreads round widely in light soils. 

To sum up, the comf>osition of sain pies from the Indo-Gangetie albnium has bee!i foun^i 

to depend on the following factors : 

|i) Texture of the mother soil. Heavy textured soils give rise to higher carbonates atci 
correspcmdingly less of siliceous matter. 

(ii) The composition of mother soil. Its efieet may l)e judged from the fact that when /oodmr 
composition is expressed as percentage on carbonate-free basis, the figures agree fairly 
closely with percentage composition of the mother soil on the same basis. The main 
difference lies in iron, manganese, phosphorous and to less extent in silica. The former 
exist as free oxides. If due aliowance is made for them, a good idea of the composi- 
tion of mother soil may be had from kankar analysis. 

To ascertain whether the above constituents exist as free sesqiiioxides or not, five kankar sampies 
and one ferruginous con<‘retions sample were analysed for their free sesqiiioxides and silica. Due 
to large percentage of calcium carbonate in the kankar samples, the sesquioxides, precipitated 
sulphides in Drosdoff' and Truog’s method, could not be estimated. The data for the ferruginous 
concretions from a degraded profile from Rohtak are given below’- : 


Experimental j 

[, Calculated 

! ■ 

FeX), 

Al.0, 

■ Sio, . 

: ■ .Fe/V; 

AbO, 

>SiO, 


12*06 

0*19 j 

1*00 

' 12*65 

' 2-55 

-• 



It may be said, therefore, that at least in the ferruginous concretions, the balance of ^ 

as calculated from analysis of concretions and mother soil on the basis of Si 0 , 2 , existsms free ses- 
quoxides. And probably the same is true about kankar as well. 

To elucidate the latter point further, sections of four typical samples of /amkar were prepared, 
examined and micro-photographs of two of them taken by the Director, Geological Sur\'ey of India, 
Calcutta, on request. The relevant extract from his report is reproduced below and the mkro- 
photographs are illustrated in Plate XXIII, fig. 1. 

(I) IK. Kankar {mature — Rohtak). The mineral constituents are quartz up to 0-15 mm. and 
about 30 per cent of volume of rock ; calcite ; muscovite ; biotite with calcite growdna as wedges ‘ 
between the cleavage lamellae ; clay matrix ; opaque oxides ; and hornblende. 

(II) 7K. Kankar (immature — Rohtak). The mineral constituents are quartz up to 0*17 rLiru, 
averaging 0*08, and about 15 per cent of the volume of the rock ; calcite ; muscovite : oxidized 
biotite : much biwn semi-opaque oxides probably ' limonite dendritic opaque oxide, possibly^ 
pyrolusite and clay matrix. 

(III) 15K. Kankar (semi-mature dolomitie— Rohtak). The mineral constituents are quartz 
up to 0*15 mm, and about 20 per cent of the volume of the rock ; calcite ; muscovite ; hornblende : 
clay matrix; opaque oxides; probably limonite. 
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(l\') *20K. (aiaturt^- JuiliitKlur), The fttinera! ejOnstitTient.s ai*e quartz averaging iPOo aaiu. 
arid about 10 per cent of the volume of the roek ; caleite : nuiscf»vite : biotite : scattered opaque 
oxides ; probai>ly iinionite and ciay matrix, 

‘.(1) k is seen that free quartz occurs in all tlie slides. Volumetric estimates are l.)v eye and 

only approximate. 

' (2 j No. 7Iv is exceptional in the presence of much semi-opaque firovvn oxide prolaibly 
limonite and of dendritic opaque oxi<le — possibly pyroiusite. 

‘ (3j A certain amount of iimoiiite material has developed in all the specimens from the oxida- 
tion of biotite., . . 

/ (4) It is not possible to determine the nature of the oxides.' 

It may be seen that as postulated above kankar does contain varying degrees of free oxides of 
iron au<i manganese, it is, huvve\'er, unfortunate that even this method fails to estimate tlie quantity 
of free oxides, and thus no direct estimation of the calculated amount has been possible. 

The micro-photographs also indicate the probable mode of formation which consists in the 
deposition of ealcite, et('. in between clay matrix and quartz grains. 

b. Effed of elifitate ami soil {y 2 )e ov kaiikar cmijmsilmt. The varied nature of mother soils in 
different climates and soil types is well known, and since it enters into the composition of hunker to 
var} ing degrees, a \’ariation of kankur composition with these changes may be expected. However^ 
if we compare the mother soil and Z.Y;uZ’a/’, composition on caiTnuiate free material for samples from 
varied climates and soil types, more fiindame|ital differences are noted. The results of such a com- 
parison are set forth in Table X. 

Table, X-''' . ' 

A coorpat'i^on of the ronrpositian of tJie mother mih md respeefire Ivankar sample>i from 

different clm^ 


(Percentage on carbonate free-Lasis.) 

!4 1'40 f 0-124 .. S-05 3-11 

53 1-00 0-lCK» Ml 2-0 

t9 7-15 0-470 0-100 2*06 2-61 

►2 5-98 O-IM 0-03S .. rr,62 

>8 4-57 0*1, >0 0*02 2-82 

>6 4-28 0-004 0-02 0-87 1-31 

4) 8-1)8 0-llW 0*08 nil 2-73 

13 8-61 0-103 0-05 1-90 
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MoL- 
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ref-i- 1 

' ■ 1 

due i 


Bahrein . , Des-ert . 

Lyalipur . . AlhivJunt 

I'erozepur . 

, , 'i , , 

Kolitak immature ! 

Kohtak mature . I Gyp'r-eoii' 


0- 72 184-13 

1- 31 ‘.♦0-54 


1-76 81*88 
1-04 81 *03 


Limy alluvium . ! 

ft-rrnjtiuouii ' 
molten M*tl I 


Limy White . 
Limy Black molten 
soil 


Mr. Edgecombe . Cmn.tai priuuir>- 


Mataniras . 


0- 84 87-11 6-38 

1- 85, 80-40 4*71 

1- 30 69-58 5-07 

5-23 58-64 14*11 

2- 83 83-42 3*66 

8- 96* 18*7;5 42*38 

9- 24 63*43 9-63 

53*69 6*85 

6*63 49-89 10-31 
2*89 69-24 5*50 

S-02 58-15 10*47 
4*24 68-56 7-20 

11-67 T6-06 47-74 
11-81 26-63 31-20 


8-76 0-253 : 
6-11 0-094 ! 

6*71 O»095< 
10-64 0-124 
5*19 0-O@2 

15*84 0*212 
15-39 0-085 

13-65 0-112 
13-57 0*174 
12*82 0-105 

• 4*08 0-126 
10*65 0-060 

18-66 0*21 
28-42 0-17 


0-42 Trace 
0*36 VU 


0-46 Trat-f- 
0-47 


The lower line rei>orts reBults of mother soil analysis. 
* on iifn'itior/ figures. 


It is seen that concretions and mother soil from desert differ only in carbonate content. The 
Ferozepiir and Lyalipur samples from arid climate (Q-40) have practically the same insoluble residue 
(77*7 and 79*8 per cent) as the mother soil (81-3 and 89^2 per cent), and slightly more of iron, phos- 
phate^ manganese. Other constituents do not show’ any difference. 


A 


In with this, the sample from Deoria altiiougli derived from a soil profile eon- 

a lot of oarljonates in the surface and alkaline reaction, ('ontams much less insoluble residue 
(69*h per cent) than the mother soil (83*4 per cent). Iron oxide (5*1 per cent), manganese (0-59 per 
cent) and phosplionis (0*iS5 per cent) in /rmAw, too, are greater than what the inother soil has, 
Furtlter tlie iippei* hori:;^on (‘ontains 1*09 per c^ent limy ferruginous concretions which have much 
more of imn (H*I per c«un), ly).-, (^'124 percent). 31n203 {0*9 per (-ent) and even aluinina. The 
ka^htr samples from a mature profile from a more arid cliiiiete show similar composition. Further 
it is seen that kankar iVom even a slightly gypseous soil profile does not contain m\y gypsum. 

The limy ferruginous sample from Bijaptir is much less siliceous (18*7 per cent), has a high 
iron (42-4 |ku (‘em } and plmspliate (0-21 per cent) content than the mother soil, T^ hich has 63*4, 9*6 
and 0-085 |hu‘ cent of these (-onstituents respectively. Analysis of tlie limy samples is not available 
but from the des(‘ription given by Kanitkar e/ | 1935 ]. it app(*ars to consists entirely of CaC .!‘03 
and much less of iron and silica - 

Kesults of comparison for the white and black kankar samples from Indore with mother soil 
also show both the Un)kar samples to be less siliceous (53*9 o-nd 49*9 per cent insoluble residue). 
Unlike samples of kankar from Bijapur or Deoria, the l>laek sample does not contain very high 
percentage of iix)n. As pointed already, the white and black kankar differ in the former being more 
siliceous, containing more carbonates and alumina than the Ifiack one. Both the white and black 
samples contain more of iron than the mother soil. 

The .‘\Ir. Edgecombe sample has several features in commojrwith that of the Bohtak Samples, 
e.g. the kiuikaf {lime concretion) and mother soil wdien expressed as percentage on carbonate free 
basis agree fairly closely exc-ept for slightly less silica, higher ir<jn, phosphate, and manganese, but 
unlike the Kohtak samples the concretions contain much less alumina than the mother soil. 

The perdigon samples from Matanzas (Cuba) have been included i]i the list to serve as an example 
of the Pedalfer group of soils. The perdigon is less siliceous, has more iron and less alumina than 
even the mother soil. 

If we strike a balance sheet for composition of these con(.*.retions from the mother soil analysis 
on the basis of percentage of mother soil contained in them, the a,bove conclusions are found to hold 
go^' 

It is interesting to see that the results arrived at by coin parison on carbonate-free basis are 
substantiated by the results of coaiparison of SiOg basis. 

When we review the above in the light of conditions of soil formation, the following remarks 
may. be made ,v ■ 

(а) The accumulation of gypsum besides carbonates in Bahrein samples is due to the very 

low rainfall of the desert area, 

(б) The accumulation of iron, phosphate, manganese and, of course, of carbonates, is due to 

decrease of aridity in Punjab samples. As the soil profile becomes mature, kayikar 
and mother soil analysis on carbonate-free basis differ, the former containing less silica, 
more iron, phosphorus, manganese, etc. Sometimes these constituents may segregate 
as fenmginous concretions or rarely even as limy ferruginous concretions. Under 
conditions of higher rainfall, the above concretions are met with more abundantly and 
even in immature soils. 

The release of these constituents and their deposition in kankar is due to either of 
the following : 

(i) Leaching with COg water in the absence of carbonates and neutral to faintly acid 

reaction, e.g. degraded profile (IB iii) and mature profile (lA ii). 

(ii) Lack of aeration due to, excessive moisturef in wet season and a possible effect of the 

decomposition products of organic matter even in the presence of carbonates, e.g. 

in Deoria, Lyallpiir samples, etc. 

(iii) The activity of iron bacteria : It has not been possible to estimate their role. 

(r) The definite accumulation of mOn in concretions from regur (Bijapur) is not understood 
in view of the fact that even thfe surface soil contains as much as 18 per cent calcium 
<*arbonate, and further its distribution in the profile does not indicate any evidence of 
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lear!un,u. Krfmion in tliis tract Is very severe has been descriheii fn' Kanitkar and 
creworkers f IlMu j. it may i»e that this is a truncated [indile in wlirch the leached 
horizon I A) has neen ?‘emfn'ed* The decided <Iecrease of silica also cannot easily he 
explained ara! may indicate the lateritic tendency in the original protile. More work 
in this direction is needed. 

(d) T!je accumulation (>!’ iron and alumina and phosphorms, etc, in Indore kankar samples is 

?iot well understood. The data kindly supplied by Dr A. Sreenivasan indicated that 
the soils iiave been subjected to alkaline hjdi*olysis. The presence of concretions in 
the surfa(‘e an<l their decrease in quantity with deptli suggests that like tlic Bijapur 
soil they may also be truncated, and the exposed ‘ B ’ horizon has been further sub- 
jected to leaching. The small accumulation of alumina is. of coinse, due to alkaline 
hydrolysis. 

(e) A loss of silica in concretions from ML Edgecombe may also be explained as a probable 

corisequetiee of higher rainfall and high temperature, high pH (B' 8 ). As regards loss 
of alumina in contrast to profiles from Rohtak, a reference to the analysis of soil profiles 
and the published account of Beater [1941 ] show' that the nature of aiumino silicates is 
' probably responsible for the difference. Beater mentions that percentage figures of 
iron and alumina for HCl extract and fusion analysis of these profiles do not differ. 
In contrast to this a very great difference of alumina ]>ercentage for HCi extract and 
fusion analysis results has been found for profiles from Indo-Gangetic alluvium. 

(/) The lateritic type of soil forming processes in Cuba accounts for the decrease of carbonates 
and silica, and a great increase of iron. 


.SUMMAKY 

L Kanhir, a hard lime concretion or nodule of the nature of a secondary formation, is met w'ith 
widely in Indo-Gangetic alluvium and Black Cotton tracts. It presents a \'ariety of shape, size, 
colour, etc. Results of a study of the relationship between its composition and the nature of its 
soil profile are presented. 

2. Kmikm consists of 50-70 per cent of CaCO^, and 25-45 per cent of mother soil and a small 
percentage of free iron oxide, manganese oxide and phosphate, the exact amount depending on the 
condition of soil profile. In general it consists of 45'3-73 per cent CaC 03 . 1*84-4*08 per cent FcgO^, 
1*22-5*9 per cent AI 2 O 3 -P 2 O 5 , 0*03-0*08 per cent PgO^, trace to 0*23 per cent MngO.j, 1-3-10-5 
per cent MgO, 0*05-0*47 per cent KgO, 0*11 -0*05 per cent NaoO. 

In certain cases limy ferruginous concretions and feiTuginous concretions are formed but the 
circumstances leading to their formation are not imderstood, Tliere is a progressive decrease of 
pore space and increase of hardness of kwnhar with iiicrease in maturity of soil profile. 

3. An examination of section of kankar samples of different maturity and of their niicrophoto- 
graphs confirms the above conclusions regarding the presence of varying amounts of free sesquioxides 
and MngOjj in kmfkar. Comparison on SiOg basis and carbonate-free basis with the mother soil also 
confirm the above view' point. 

4. Texture of the mother soil affects the size, shape and carl>onate content of kaskar. Samples 

from heavy textured mother soils are smaller in size, semispherical, with no boles penetrating through 
them and have a relatively high carbonate content (60-70 per cent). Those from light textured 
mother soils are larger, irregular, angular and with holes penetrating tlirough them and lun'e less of 
carbonates (50-60 per cent). . 

5. Analysis of samples of kankar and lime concretions from different climates and soil types 
show fundamental differences. With decrease in aridity there is an increase of iron, phosphorus and 
manganese. The data point out a relationship of soil conditions with analysis of concretions. 

6 . Comparison of the composition of these concretions and that of respective mother soils on 
the basis of carbonate free material brings out the effect of climate and soil type. The changes in 
compositions are discussed with reference to soil conditions. 

7. When the constituents derived from mother soil are accounted for on the basis of silica content, 
the balance of constituents for the various samples suggests the presence of small amounts of free 
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irtHi oxuU\ nnm^HUvst- oxi^ie. iiixi phasphate. for other samples iruni differein soil types 

coiifiriifii the eonclusioiis arrived at by eouiparisoH on eiirboiiate-iree basis. lo view ot the above., a 
stn<lv of the <'Oinposition of seeondary formations as an aid in soil ijenesis is sii^^ested. 
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REPUTED ABORTIPAGIBNT PLANTS OF INDIA^^t 

By R. L, Badhwah, 1. C. (.toPRA and S. L. Navar, Drug Research Laboratory, Jammu 

(l^eceived for publication on 22 .March 1 949) 

A BORTfFAOlENTS are drugs or agents that cause abortion, i.e. the expulsion of the foetus preraa- 
turely, particularly at any time before it is viable, or capable of sustaining life. The gestation 
period, i.e. the carrying period of the young in the womb from conception to delivery, varies in 
different animals, and so far as human beings are concerned, the term abortion usually implies the 
expulsioti of the frnt us during the first six months of pregnancy. Expulsion of the foetus after the 

* A fu)nsid(‘nihle fimoutu- of W’ork in (connection with this paper \va.s done by llte late Mr X. C. Goswami, 
Botanical Assistant in ibis Inquiry 

t IVIedicinal Plants and IVxl Poisons Inquiry, Imiierial Conned of Agricultural lie>e.arch 
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-V\“th rrHfi.ili w]i# ri h. is viable, but ])efore the Dornial period of nine months, is generally tenaed 
in-eiaatnre delivery nr labour. The popular term miscarriage is usually applied to an a hoi tion before 
the -ixth li:uDth/M^f}letinle^ only in c'ase of aboition between fourth to sixth month, occasionally 
beiVn e the -ixth week of gestation, and rarely even to a premature labour. In law, however, the ttumi 
’I abnni<m UMially imf)lies eriminality in prothieing miscarriage for an improper purpose at any time 
^ f gevtjttion short oj' full term, and means premeditated or intentional abortion produced by artificial 
means, solely fm' the purpose of preventing the birth of a living child ; it is designated as criminal 
abortion. ^ 

Foi* the juirpose of tliis paper abortion may be divided into three categories, viz. (o) natural 
ahv=)timL ih) artificial aluntion. and fc) eriminal abortion or tetieide. 

(.\) Natt*ral abortion 

The causes Te.s|Minsible for naturally occurring cases of abortion are various. They may be due 
to the po<T condition of the mother's blood or prusons (dreulating in the same, mechanical distiir- 
^ hances of the cinailation. diseases t>f the genito-iirinarv organs, over-indulgence in sexual intercourse 
bv tlje mother during pregancy, nervous causes, syphilis, streptococcal infections, etc. Abortion 
rriav also naturally be due to the disease of the membranes of the ovum or fetus or diseases of the 
■ eiiibryo' itself, ■ ■ 

(B) Artificial abortion 

In certain cases the law permits the induction of premature labour and abortion if competent 
medical opinion deckles that the life of the mother is in danger. This, however, is not resorted to 
unless all other means for preserving the life of the mother, and if possible that of the child also, have 
iailedv 

(0) (Criminal abortion or FcRTiCini: 

Oiihinal abortion is, for r variety of reasons, induced with the sole object of unlawfully des- 
troving the impregnated ovum ot' tlie fetus, and the law holds the attempt to do so equally gnilty 
with the actual accomplishment. It has no moral religious, social or legal sanction. Nevertheless, 
criminal abortion is imdoubtedly prevalent in India as in other countries, although only relatively a 
sujall proportion of the cases are lirought to light. Although no reliable statistics are available, it 
e«:uild perhaps be said with (certainty that, on account of increase in population and the consequent 
e\ er-increasing struggle for existem.'e together with a continued demand for higher standard of living, 
it is the married couples who are the most frequent perpetrators of this nefarious crime. ^ Many a 
parent can ill-aBbrd the educational and other expenses of a large number of childpn and simultane- 
ouvsly maintain the social position to which they belong. They feel the inconvenience of supporting 
a large fami]}^ and, without any compunction, conspire to get rid of their unborn baby. On the 
other hand, unmarried girls and widows, to get rid of the fruits of illicit intercourse and to hide the 
,1 . shame of tlieir illegitimate pregnancy, also form a considerable percentage of these criminals. 

* " Owing to the advent of various kinds of the so-called contraceptives it could be safely deduced 
that the necessity and frequency of resorting to abortion is on the decrease. These appliances for 
the prevention of fertilization of the ovum are, however, beyond the means of a vast majority of 
Indians, whose economic condition is very low. On the other hand, the use of the so-called infallible 
contraceptives by the married as well as the. young, unmarried, inexperienced girls has not infre- 
quently led to undesired pregnancy. . _ 

As soon as suspicion is aroused with regard to the condition of the female— after the omission of 
one menstrua] period — the economic responsibilities in the case of married couples, the sense of 
shame and social abhorrence in the case of widows and unmarried girls, and loss of business in the 
case of prostitutes, become urgent considerations. The urge of getting rid of the unwanted arrival 
j begins to get strong and the advice of confidential friends is sought. Usually some drugs are re- 
commended w^hich are tried at first. At many drug stores, medicines supposed to produce abortion 
■ are on sale, and many nostrums advertised to correct female irregularities are made, bought and used 
to procure abortion. Generally, how'evex, they prove ineffectual ; and then active steps are 
taken to enlist the services of professional abortionists. These abortionists vary greatly in education 
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an«l .skill. are well (jualified for the piirpone, w hiie others, such as most of tlie <hni^ or 

countrv iiiishvives wtio nuiinly use drugs of vegetable origin or rash niechaiiical means, are c[uite 
ignorant of aseptic {>re(*autions and of the rudiments of juiatomy. The patiemt sonietitues h^arns 
froio an abortionist a metliod of dinfct interference with the uterus, and, if this is successfiill. she 
proceeds to apply it herself when another oi*casion arises. Often tla^ w'onuin do(‘s not reali7a‘ the 
Condition of her pregnancy till betw'een the fourth an<l fiftii inontlis, when owing to the symptoms 
of quickening, she vm no longer remain ignorant. At whatever time of gestation abortion is rcvscrted 
to. it is attended with grave risk to the life of the inifortiioate mother, unless it is performed by 
fnghly (pialitied gymecologists. Since the services of expert gymecolugists are not easily available 
for the purpo.se of criminal ahortioiu the patient usually falls into the hands of (piacks and often 
■dies. 

(Yiminal abortion endangers the mothers life by causing profuse hjemorrhage as a result of 
retention of the plac^enta or some other product of conception, or by septic inflammatory processes, 
fu tiie case of abortion, which is procured through the agency of various instruments, perforation 
into the peritoneal cavity and septicajinia are the usual causes of death. It is interesting to note 
that more women die during attempt to procure criminal abortion than, from childbirth and its 
cmnplieations. Peritonitis is the most common cause of death and is responsible for more than half 
the fatal cases. General septic infection kills about one-fourth. The remainder die from embolism, 
pneumonia or some other incidental infection [ Davis, 1923 j. Serious illness alten* criminal abortion 


IS verv common. 


It is popularly believed that tlie earlier the period at wdiich abortion is procured, the lesser is 
the danger to the life of the motliej*. This is not triffe. During the early gestation period the con- 
tractile pow’ers of the muscles of the uterine walls are limited and hence the chances of haemorrhage 
great owing to the non-occlusion of the bleeding vessels* At or near the completion of the term they 
are able to contract firmly and so occlude the bleeding vessels. Furthermore, if the uterus has not 
contracted thoroughly, the open sinuses are liable to absorb septic matter, so that septic infection 
of much more frequent occurrence if the abortion occurs during the earlier periods of pregnancy 
than after delivery at the full term. 


JIkTHOOS of FBOO0BINO ABOBTION 


The methods of [procuring abortion are varied. Among these may be mentioned severe exercise, 
violent shaking of the body, tight lacing of the abdomen, and even trampling or kicking of the 
abdomen or otiier severe violent means. Mechanical means are also applied with a view to disturb 
the relation between the utej'us and its contents, and are usually quite effective although usually 
accompanied with grave danger to the motherJs life. For this purpose various kinds of instrxxments,. 
such as wires, bones, twigs, etc. are used wdth the object of perforating the membrane sxirrounding 
the foetus. • , . , , 

. In India, ijuite a large number of dais, who practise the imlawTul trade, introduce into the vagina 
or the os of the xiterus sticks from six to eight inches long, w^hich are commonly known as ' abortion 
sticks k One end of these sticks is wrapped round with a piece of rag or cotton wool soaked with 
the Juice of such plants as madar [Calolm^s p'oeera (Linn.) Dryand. and C. gigmdea (Linn.) Dryand J, 
marking nxxt {Semeearpiis amcardimi Linn, /.), jequirity {Abnis precalw'm Linn.), etc. ; other in- 
gredients of medication used for abortion sticks are arsenious oxide, orpiment and red lead. Some 
of the plants, the irritant twigs of which are similarly used, are Plmnbago wdica Linn. (P. rosea Linn.)^ 
P. zeylamca Linn., euphorbia ceous plants, and less frequently Nenum indicum MilL (iV. odorum 
Soiand). These twigs are frequently smeared with asafoetida prior to introduction. The oral ad- 
ministration of reputed abortifacient drugs is, however, more frequently resorted to than any other 
method for procuring abortion. 


Deal AuivaNiSTBATiON of abobtifaoient plaistts 

It may be stated at the outset that administration of the so-called abortifacient drugs seldom 
answers the ourpose for which they are used. When the desired object is attainedyit is generally 
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from tltp us«* of fx/isoiKHis <|i]anritr. so that when the abortion is procured it is often followed by 
{ dangerous juiisoniiiu or fleath of the mother: not infrequently the inothei* <lies without the produc' 
^ tion of aixution at all. It may be noted that all poisons, vvhen taken in siifti(‘iently large doses, may 
art as ahortifaeients. l>ut siudi doses are generally attended with grave risks to the life of the mother. 

Some of the plants used as a{)ortifa<*ientB are supposed to produce uterine <»ontrac't]ons which 
expel tin* {Mmtents (jf the gravid uterus : these are called ecdxdics. Others, when ii.s<el in the non- 
* gravid (-ondition. are supposed to promote menstrual flow or to re'(‘stablish it after its arrest from 
•causes otlmr tlian |,H‘egnaucy : these are called eminenagogues. 8till otliers have poisonoiis effects 
on th(^ system gerierally. 

The drifg that enjoys tlie greatf*st reputation as an ecbolic is ergot, whir-h is the s<derotiufn of 
the fungus 0/or/cepx yno'ya/rce Tulasne. develrq^ed in the ovary of rye, Setalc Linn. It is a 

^ veil -known nuxlieine for exciting uteihie on tract ions. It may be noted tliat while ergot is certainly 
capable of ])r<Klu('ing contractioiis of the uterus during the later stagf\s of pregnancy, it is doubtful 
whether it can initiate ut<M‘ine contractioris in women during the early stages, or })roduce them witli 
siifli(*ient force so as to eause the expulsion of the fetus. Some observers are of the opinion that 
■ergot acts upon the utcuais only when natural contractions of this organ have already begun ; but, 
since uterine conti'acti<ms normally occur during pregnancy it is conceivable that ergot may be able 
to augment the force of tiiese (*ontractions, aitlioiigh in the early months of pregnancy it may not be 
able to jjierease them sufliciently to procure a])oi*tioii. Quinine Iroin species of (^'uiehonn is another 
drug which stimulates tiie contractions of the- uterus when given in large doses : a-bortions have 
occasionally occurred aftfu' its use in malaria, while in other eases lalK>ur ])ains may be induced. 
Therapeutic doses, howevei*. do not in most cases suflice to excite persisting activity in tlie (piiescent. 
gravid uterus, and are, theiefore. not reliable for indiicing piematur labour, but if weak contrac- 
tions are present, they are intensified, j^ike ergot it is conceivable that (juinine may be able to 
■^augment the normal contractions of tlie uterus during pregnancy, but it may not be able to increase 
them sufficiently to procure abortion. 

The eminenagogues, which often increase the menstrual flow in the non-gravi<l uterus, are very 
largely employed to induce abortion. They include all well-known drastic purgatives, such as ah:es 
{Aloe barhadensis Milk), and irritant volatile oils, such as pennyroyal {Mentha pidegiuin Linn.}, savin 
{Juni'perus mbina Linn.), tansy (Tainwetiim mlgare Linn.). These are all intestinal irrltant.s, and 
produce violent gastroenteritis (nausea, vomiting and diarrhoea). If the poison acts only when 
dissolved and is insoluble in the stomach, as is croton oil (from Cmloa figHiua Linn.), tlie nausf^a and 
vomiting may not be present, but only the diarrhoea. The hyperiemia proiluced is not confined to 
the intestines, but all the neighbouring abdominal organs partake of the congestion, although they do 
not come in direct contact with the irritant. It must be remembered that these emmenagogues 
^M’oduce their ecbolic effect only secondarily to the gastro-enteritis ; the latter may be so violent as 
be fatal without accomplishing the desired result. None of the intestinal irritants (drastic purgar 
fives and irritant volatile oils) are suitable for procuring abortion and should never be employeil as 
eebolics. The volatile oils may, however, be useful as emmenagogues. 

Besides the ecbolics and emmenagogues, some general poisons, such as Indian oleander {Neriimi 
mcUemi Mill., syn. iV. odonm Soland.), are also administered in India for procuring abortion. There 
does not appear to be any basis for their use, except that by acting as general poisons they may 
occasionally achieve abortion. There is always a grave risk to the life of the mother when these 
plants are employed. 

A perusal of the above will show that there is no reliable plant or its product for procuring abor- 
tion, without endangering the mother's life. Despite this, the fact remains that ignorant persons 
■ dp employ something or the other to achieve the object. Chopra and Badhwar | 1940 ] have published 
Till; comprehensive list of Indian plants poisonous to man, livestock, insects and fishes. Their studies 
ha\"e revealed that a large number of plants are used in India for the purpose of procuring criminal 
abortion. In the present paper we deal with Indian plants which are applied locally on account of 
their irritant juices or are administered orally to procure abortion. A list of such plants, their 
important English and vernacular names, distribution, chemical constituents, properties and methods 
of use are discussed in the Appendix. Only plants indigenous to or cultivated in India are dealt 
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with. Plants or their products, like pennyroyal, savin, tansy, etc.. altLMuuiii cu tii^uciiv 
tsimeiiagogiies or abortifecients in Western medicine and available at druugist< shops in .fitflia lire 
excluded, aince they do not grow iu India. Further, such plants as c-roton, a drastic piirgatii^v toond 
in India, will act like other drastic purgatives nientioned in the li.st, are also exclnde*h 
are not known to be imed as a hortifacients in this country. 

Tfie authors take the opportunity of expressing their gratefiii thanks to i oi. Sir H. i ii^ora. 
(M.K.. fur the help and giiiilance he has given in the preparatifui of this paf>er. 


APFBXfH.V 


Usa me of plant 


. Abrufi pTfi.mfmi'MB Linn. 

: (trab'ij Kye»»-' 
the ^eeUn, [tjdian Liqiio- 
I'ice— the roots. Jt-qn* 
Bicwary Pea — the irity, 
■■■ ■ fteeci*. . 

Vertiftcvhr : 0 v n chi^ 

Haitnk\ RaHi, 


, Atm Mill- 

{ erroneously called A» 
rsra Linn, in Indian 
literature). 

Engliish : fe'oeotrine or 
Zan'/ibar Aloe. 
Vernacfthr : Mvshahbar, 


i . 


3. A %nna4 emnoaus (Linn.) 
Mel‘r. (.4, sadmh^ Schult./. ) 
Englink : Pine-a pple nlamc. 
Vemftevkr : ' Anmas^ 

Apam^, 


4. Ann ana aqmmosa Linn. 
English : Custard Apple, 

Sweet -sop. , pr . 

Apple of the West Indies 
inci America, 

Vernamlar : Ata^ Shmifa^ 
BitaphaL > 

5. Apuim Q-raveolem Linn. 
English : Celery. 
Vernaculrat : Ajmtyd, BMit* 

fafiU RandhiinL 


Distribution 


I 


Constituent- 


Throughout the grt^arer part of 
India, ascending the outer 
Himalayas to aji altiturle 
of .1,500 ft. ; >oin!.‘tiuje>= 
planted in gardens. 


Cultivated throughout India 
and even nm wild as in the 
drier localities of 
India, 


Cultivated in various parts of 
India. 


Naturali-^ed in .several parts 
of India” and is met with 
under cultivation and lilso 
as an escape. 


Found at the fbit -of the 
^orih-W^st Himalayas land 
the outlying ,Mik in the 
Punjab. Cultivated ' 'in 
clijfife»nt parts ^ India as 
a cold -weather crop. , 


Fruit contains a digestive 
ferment, bromelin, which is 
more closely related to tryp- 
sin than to pepsin. No- 
thing is known regarding 
the presence of any poison- 
ous chemical constituent 
[\Wehmer, l9:>9-in]. - 


Seeds yield an oil and a resin 
which contains the acrid- 
principle [Watt, 1889-96], 
Leaves and seeds found to 
contain an amorphous alka- 
loid but no ghicoside [Tri- 
murti, 1.924]. 

A glucoside apiin [van Rijn, 
^1931] and an essential oil 
LPinnemote. 1926]. Apiole 
i{^ the camphor obtainable 
, from the essential oil of this 
plant. ' ■ ' 


Hemarks 


Seeds contain the toxalhumin 
•abrin' [Os}>orne. 1924], a 
crystalline uitrftffenous 
compound a brine and an 
amorphous glucosidic sub- 
atance ahraline with a mild 
bitter taste fOhatak and 
Kaul, 1932 ; Chatak. 1934]. 
.Leaven said to contain 
abrin and the leaves and 
roots glvcvr!’hi7ini [W'ehmer, 
1929-35]. ^ 

Chief constituent aloin, which 
- ifi glucosidic in nature, be- 
sides small quantities of 
an essential ojl, a fixed oib 
resin, gum, emodin, some 
anthraqiiinone derivatives 
and chrysophnnic acid in 
some varieties [Chopra and 
Gho.sh, 1938 1. 




pi<ste ^ 


Seeds ground irdo 

and the mass maci^* aU'*.> 
sharp pi'diited needles use.i 
to procure criminal ahor- 
tioii : for this purpo.-^e tfie 
liiice of the plant also used 
as a local appli<*utioii. 
Powdej’ed seeds when taken 
internally by women said 
to disturb the uterine func- 
tions and to prevent concep- 
tion. 

The use of tlie aloes or 
mvshab* ar for causing 
purgation date.s back to the 
4th centur,\- B.C’, The pro- 
nounced action of the dru ^^r 
on the large intestine induceH^ 
some pelvic conge.stion and 
is tlierefoi'e used as an 
emmeuagoguc. But it ia 
contra-indicated during 
menstruation and must bp 
used with caution during 
p}PCgttancy and is likely to 
produce abortion. Indeed 
it has been frequently used 
in Europe for the purpose of 
procuring abortion. 

Unripe fruit believed to 
possess emuKuiagogue pro- 
perties. Also stated to 
used to produce abortion iri* 
women as^well as in animals. 4 
Even the juic^. of the ripe 
fruit held bt some people to 
h^ve irritant action on the 
uterus and to have the 
property of pimiueing strong 
tibeme cqilifactions.' The 
juice of deares also stated 
to be used a$. an abortifa- 
ci^ntfWafct, 1889-96]. 

When applied to n^a-iUeri 
powdered seeds are irritant 
and said to produce abor- 
tion. 


Regarded 
and is 
abortifacient properties. 


san emmenagdgue, 
accredited with 


REI'VI EU .4B0KTJFAC'IENT plants of INDIA 


Appendix— 


N.ime vi plaiil 


i JihtrUiUtioij 




lirmii! in 


. tuitchu Linn, 
Eti^jlhh .‘AryeaXut Palm, 
Areca Palm, Betel Xtit 
Palm, Betel • Palm, 
Cateelm f'alm, Supari 
Palin. , , 


.Extensively eullivated in 
moist tropical rejLOOiis up to 
an altitude of 3.U00 ft. 
Laige scale cultivations in 
Sou i h er 1 1 and Western 
I miia , Assam, Beii^ira 1 . 

Ploiirisiies iveii in .Malabar, 
Kanara and Alysrue. 


areeoliiie to the e^ten^ of 
about 0 1 pel cent l'esi<le.> 
other alkaloids, such as 
LUivaeliie, gu v acoline, 
aiecaifliiic and aiecolidine 
[Hcnrv, 10:101. 


‘Ma.lay women use tiie young 
green shoots as an aborti- 
faeicnl in early pregnaneyP 
fKirtikar and Basu, 1033,] 


7. Ari-hfioclda hractixUa i tJrows ctn the hank'' ol thi' 3‘htiit stated to coritain a h'laiit accredited em- 


Binhwort. 
Virmmdar : 
Kifuitwr* 


Braeteatcal 


Oamlan, 


dnmnu ami the < hinges, and 
in Biindeikhund, Hind ami 
Koiikan# in the M.adni'^ 
presidency ifc is found in 
the Northein Uircars, the 
Deccan and Carnatic, on 
dry soils, especially the 
black cotton soil. Its 
occurrence in Bihar is 
doubtful. 


B. ArU-kJjchia indka' Limn bA>und tluougliout the lo\v 


English : Indian Birth- 
wort, Sapsnn. 

9. V’^tnandar : hfmrmul, 

8apman. 


countryside of Tiidia fioirt 
Nepal and tlie greater part 
of Bengal to Western and 
Houthern India from 
Konkan soutliwards. Com- 
mon in the junglcvS of Hoiith 
India among hedges and 
bushes. 


nauseous volatile '?nbr-tarice 
fiml an alkaloid [Dvmock, 
W'ardcn and Hooper. DbO- 


meriagogue a. ml aburtifacient 
properiies and also used to 
increase the uterine coutrae- 
lions during labour. 


Hoots contain a pltytosteiol i Plant Miid to be used to 
glucusidc, an alkaloid ; procure aboriion [Witt, 
aristoloehine, a bittei* ! 1SS9-96]. 

substance isoaristoiochic ! 
acid, and an essential oil I 
containiiig a sehipiiterpene ' 
ishwarene, a sesquiterpene 1 
ketone isliwarone, a ses- i 
qniterpene alcohol i 

ishwarol, etc. }Kiishiia- ' 
swamy, Alanjunath and | 

Rao, 193.') : Rao, Alanjii* ! 

Hath and Alencm, 103.51. 1 


Antmkia vufgaris Linn. 
English ; Flea-bane, Indian 
Wormwood, Alotherwort, 
Mugwort.. I 

Vernacular : Nagdonaf j 
Santri. | 


A gregarious shrub found 
throughout the mountain 
tracts of India, especially 
between o,0(l0 and 1 2,000 
ft. fil'ove sea level. 


Essentipil oil containing a ; iti large doses *l causes violent 


1 . ■ . I 

Calotropis yigunim j Frequentl;v' met with through- 

‘ / Linn.l Drvand. CC. ! out India as a weed on 


(Linn.) Dryand. (C. gigan- 
|<£c£,:R..Br.) 

yp macular : Ak^ Aland, 
M.itdar, 


out India as a weed on 
fallow land and in waste 
ground except in the Pun jab 
where its occurrence is 
doubtful. 


IL Calairopis pr('Ccra (Linn.) Found mure or less through- 
Dr 3 and, {C. procera R, out India in w-arm and 
Br.) dry places from the Noith- 

Vernacular .* AAr, Akund, West Frontier Province and 
Madan ^ , the Punjab to Western, 

Central and Houthei n India. 
Occurs abundantly in 
Hub-Himalayan tracts and 
the adjacent plains in the, 
North-West. 


tlmjone, bnrncol, etc, 
jHirsnemore, }92h]. 


i Fibre contains a toxic bitter i 
substance [Alatthes and ! 
Streieher, 1913], Alilky ‘ 
juice found to contain a ; 
proteolytic enzyme similar j 
to papain I'Basu and Kath, ' 
1933 ; Ihid, 193*:]. Roots ^ 
contain a guttapercha- like | 
substance {madar alban) : 
and a bitter yellow resinous i 
substance [Hharma, 1934 ; | 
Hill and Harkar, 19.151. 

Milky juice contains a pro- 
teolytic enzyme and a 
toxic substance [Gerber 
and Flourens, 1913]. Also 
contains a highly active 
resin [Gerber and Flourens, 
1912]. Root bark contains 
a bitter yellow-reain but 
no alkaloid [Shaxma, 1934]. 


contractions of the uterus, 
labour like pains, prolapse 
and lupture of the uterus, 
at'Ortion, medorrhagia and 
increase in lochia 1 dis- 
charges. 

In India the juin? of tfiese 
plants userl as an aborti- 
facient, and for this pur- 
pose is either given internal- 
ly or painted over the 
mouth of the womb, through 
the vagina, Avheu it sets up 
intense ij-rifaiion. 


•See under C. giguniea (Linn. i 
Dryand. 
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Name of plaoi 


li. Vmieup&pafet Limu^ 
Mngliik : Melon Tree, 
Papaw^ Papaya, Fapeta* 
Paopatt, Fawpftw, 'free 
Melon* 

V^mmuiur ; Armdd'hnt''- 
F&puya, Pupit^f. 


W* CW«4tlri«.s 
Wilid. 

HUmgikk : Blat'k-oil plant. 

fimamlar : 

Vululm-imi, . 


14. Wedd, 

Mngiiih : Bolivian Bark, 
Oalieava Bark, Yellow 
Bark/ 

y'^irmmhf : Bumk, Shum^ 
ppntfm. 


lli. Cinnamomum camphora 
Nees & E'berm. 

Mn^hk : Camphor laurel, 
Camphor I’ree. 
fitmamlar : Ka^ftir, Kap- 
pur,. Kappuram, 


It. CiifuUm' mloepnfhif^ 
.Sefawd. 

; Bitter Apple, 
Bitter Oueumber, Co!o^ 
cynth, Coloqiiintide. 
fmtacular : Indrayan, 
Makah Tunma. 


Crmm mtirm Linn. 
BwiUih: Baffron. 
W^mmular : Jafran. Kemt\ 


W. Cummis §rigonu$ Roxb. 
^^’enmmlar : Bislambhi, 
Gomuk, Jan^li-indrayan, 
ifortV. 


TUK LNIBAM ,H>UBNAB 0¥ AtmifdJI/rirRAI/ 


APFBN Di X - 


Dietribution 


I Extensively " eultivated 
throughout Iiidia. Ih>es 
not grow well in the drier 
I partft of India hut thriveB 

( well w'here rainfall is higli 

I and climate hot. 


i Found in tropical and sub- 

I tropical Himalayas, tlie 

j Punjab and throughout the 

I hilly distriets of India 

j ascendin g to 4,00! ! ft . a hove 

»ea level. 


< 'onstituents 


l.4fctex or the milky juice 
contains a proteolytic 
entyme papain and also a 
milk-curdling ferment. 
Leaves contain a glucosklc 
carpoeide and an alkaloid 
carpaine [van Rijn, 1897]. 
Milky juice, bark, roots and 
seeds contain only traces of 
carpaine [Greshoff 1890 : 
van Rijn, 1893], 

Seeds yield on expression a 
fatty oil (Gelastar oili and 
by destructive distilla- 
tion an empyreumatic 
oil fWehmer, i9->9-3rj. 


; Cultivated in Sikkim and 
; Nilgiris. 


Indigenous to Formosa, China 
and Japan ; plan ted in some 
gardens up to an altitude of 
4,000 ft. in the North-West 
Himalayas. 


A iiumberof alkaloids obtain- 
ed from the bark of wdiicii 
the best known are quinine, 
quinidine, cinchonine, 
cinchonidine, besides a few 
free organic acids, tan- 
nins, some neutral sub- 
stances, colouring matter's, 
traces of volatile oils, gum, 
star<5h anti other vegetable 
ipatters. 

Leaves, stems and fruits 
contain an essential oil 
(Camphor oil) with 50*5.3 
percent of camphor {W^eh- 
mer, 1929-351. 


Found wild in waste lands 
throughout India, particul- 
arly in the North-West, 
Central and South India. 


Cultivated at an altitude of 
5,000 to 0,000 ft. in Pampur, 
Kashmir. 


Found throughout the greater 
part of India. 


Fruit pulp of colocynth con- 
tains traces of an ©sserjtial 
oO, a dihydric alcohol de- 
signated as citruilol, a weekly 
basic alkaloidal principle, 
and some resinous material. 
Amount of glucosidic sub- 
stance contained in the fruit 
is extremely small | V^'eh- 
mer, 1920-35]. 

Saffron contains a glucoside, 
a bitter substance and an 
essential oil [Wehmer, 1029- 
35]. B ul bs contain a sa pon- 
in [Watt and Brever-Bur nd- 
wijk, 1932]. 

Fruit contains colocynthin 
or a substance of a similar 
nature [Naylor and Chap- 
pel 1907], 




Remarki^ 


I A belief in the powerful, 
; emmenagogue properties of 

the seeds prevails among all 
classes of people in Southern 
India, who assert that if a 
i [jregnant woman partakes of 

I them even in moderate 

i quantities, abortion wifi 

‘ result. 


j .Seeds said to be used to 
I procure abortion thoui^h 

j nothing known regarding 

j their abortifacient p!‘o- 

I perties. 



Unstriated muscle in the mam- 
mals tends to contract under 
the influence of quinine, the 
action being especially 
marked on the uterus which 
is thrown into rhythmical 
contraction. Abortion 

occurs occasionalily after 
its use in malaria, while in ; 
other cases labour pains 
may be induced. ^ 

In India camphor is often 
administered along wdth 
plantains to produce abor- 
tion ; about 20 grains are 
believed to be sufficient for 
the. purpose [Watt., 1889- 
98]. 

Taylor cites the case of an 
adult female who took 120 
grains of the powder in order 
to produce abortion, and 
died in fifty hours. [Waddell, 
1928]. ■ ate 


Stated to have been used as 
an abortifacient, but ap- 
parently lacks this action 
and is practically non-toxic 
[Solimann, 1936], 


Bitter pulp used as sub- 
stitute for colocynth and i.s 
a drastic purgative. Wad- 
dell [1928] mentions a case 
which was reported to the 
Bombay Chemical Analv- 
sens’ office in 1833;, in which 
it was stated that the root 
of thiKS plant had been 
administered for the 
purpose 01 procuring abor- 
tion. 
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Name of plarji 


THutribotion. 


Confttitiient*?' 


B-amarke 




19 . Cvfcula re/iejra Boxb. 
: Dodder. 

VpfTUiiular : A^a^h 6^1, 

AmarrfL JmaJb*L 
Kashas, Zarbniu 


20., Ikiucm.mrt'da Linn. 
English: Carrot. 

. Y : Cujuf, 






21. LkjUchandrone' falcaia 
Seein. 

Vernactthr : Bhirsinq, 

Kan-eri. MtndeL 


22. Euphorbia HrumlU Linn. 

English ; Milk bneb. Milk 
hedge, Indian Tree 
gpnrge. 

Vernacular : Lanke~sij^ 
Eeiili, Behund^ Shir- 
t>kor.. ■ . 


2S. Excoecaria agalhchu 
Linn. 

English : Blinding Tree. 
Vernacular : Oaugu a. Geon. 
Haro, 


24. Garcinia morella Dear. 
English : Gamboge Tree. 
Yernacular : DevanahvU, 
Jarige, Pesupuvarna, 
Tamah 


■‘Ih. 


()cciir« ati a parasite through- ! Plant fownci to contam the 
ont the plains of India | colouring matter cnsciitin 
ascending np to 8,000 ft. 


above sea leTel r often very 
destrnctive to small trees 
and shrubs if left to itself. 


Found in Rajpiitana, BundeL 
khand, Bihar, Central 
Provinces, Berar, Konkan, 
Deccan, Mysore and most 
districts of the Madras Pre- 
sidency in dry deciduous 
forests and often on rocky 
slopes. 


A native of Africa but become 
naturalixed in many places 
in India. Often grown as 
a hedge or occasionally as 
* a roadside tree. 


Found in tidal forests and 
swamps on all the coasts of 
India. 


An evergreen tree found in 
the forests of Eastern 
Bengal, the Khasia Mount-^ 
ains and the Western Ghats* 
from Kanara and Mysore to 
Travancore. 


[Agarwa! and Dutta, 19851 j 
but nothing of pfaarmaeologi* ! 
cal importance isolated. j 


I Cultivated throughout India 
as an article of food. 


Fruit of the cultiv ated earroi 
yields 1 to 1*5 per cent of an 
essential oil, and a crystal- 
line body named dan col 
[Finnemore. 1926]. 


Milky iuice cfuitaiiis about 
20 per cent of resins fWeh- 
mer, 1929-851. 


Gamboge cont-ains 70-80 per 
cent of resin, 15-20 per 
cent of gums and a small 
quantity of vegetable debris. 
Resin consists of several 
resinic acids named as 
*garcinolic acid’, also esters 
and neutral resene [Allen, 
1923-33]. These acids form 
readily soluble compounds 
with alkalis and thus be- 
come active in the intestine. 
Effects resemble those of 
colocvnth. 


The dais (Country midwives) 
ill the Punjab have a great ’ 
faith in a decoction of ' 
t,his plant as an abortl-* 
fa.eient'. A decoction made 
in boiling water from ISO 
grains of this plant is said 
tu prodiK'C liepressiou with 
nausea and vomiting, fol- 
lowed by abortion [Dulip 
kSingh. iSHfij. 

Seeds ,popula,rly ' regarded as : 
a powerful abortifaeienL ' 
and numerous ca.ses of abor- 
tion, following their internal 
administration, are on re- 
cord. More precise informa- 
tion is, however, wanted 
with regard to their alleged 
abc^rtifacienfc properties. 

Plant reputed to an 

abortifacient though its spec!* 
fie abortifacient power not 
known. 


Twigs of this plant are .staterl 
to be inserted into the 
vagina or uterus for pro- 
curing abortion. 


l)i V. R. l>utt, Aastt. Surgeon, 
Patuakhali, Bengal, reported 
to the authors a case 
wherein the fresh juice of 
the plant w'as given to a 
pregnant woman carrying 
five months with a view to 
procure abortion, with suc- 
ces.sful results. 


Gum-resin used as an aborti- 
facinet. In doses of one 
to five grains it has a 
)>iirgalive action, bur, cases 
are on record where large 
doses, such as of one drachm 
have resulted in death. 


r 
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of plmi 


2H, Ofsmfjpium 

lAnn. 

EngIM : Cotf;on Plant. 
Vftnffri^hr ; Knpty^^ ifni. 


JMnbiitjoji 


Ciiitivaterl tlironj?ho«t the 
hotirPr rt»^rion^ of fndia. 


Constitiienf s 


Boot-bark eontainji u pale 
yellow or colon rles^? acid 
resin to the cjctent of about 
8 per cent f Briti.dt Fharma- 
ceiitioal {.'ode\', 1934], and 
also irossvpol jSollmann, 


■Remarks 



25. Olnrhm mpnha Linn. 
E^glnh : Glory Rilv, 
V^rnariihir : * Agni^kh*^, 
Barhmg, Bhha[ Dmlhh^ 
mchimg, (rurhhnghathi t 
Kallhm, K^ifkari. 

K’uUfffft, 


'ound throu^j^lmiit India 
ascendinsr Jip to an altitude 
of 7,000 ft. on the hills, 
r’ommoif in .My*io<a? State. 


27. L pidium mflv'tim Linn,. 
English : Ores.s. 
Vernacular : ffalijn. 


2\ Momordiai chtmnfJa 
Linn. 

English : Car ill a Fruir. 

F cr men 'nr : Knrela. 


20. Momordk/i iubero^n 
t'ogn. {M. cgmhalaria 

FenzI ex Naud.) 

Vermicular ; KadavaneJn. 


30. Moringa oleipra Lam. 
(M, pterygosperma Gtertn.) 
English : Drum-stick Tree, 
Horse-radish Tree, 
Vernacular : Guggafa, 

Ka r u nja n a m , M a nga i, 
Murungn, Eegala, 

Euhajam. 


Roots eontaiii a bitter princi- 
ple [Warden, 1880], Tubers 
contain an enzyme, mi 
alkaloid coleliicine and two 
other crystal lim* ba.se>. 
Toxie properties or the 
tubers due essentially to 
the colchicine pre.sent, * 


t'ultivafced through out India 


Largely cuUiyated throu;:;h- 
oiit India for its young 
fruits, of which there are 
several culHyated form.s, 
differing in shape and 
size. 


Found in the western parts 
of India from Sattara di.s- 
trict in the north down to 
Tinnevelly in the South. 


Grows w'ild in the Sub- 
Himalayan tract from the 
Chenab to Oudh, and is 
commonly cultivated 
throughout India. 


Seeds contain an e.s.sential 
oil [Finnemore, 1 925]. 


Leaves contain a bitter 
substance ‘ momordiein ’ 
‘ resins two re.sin acids, 
etc. f Wehmer, 1929.35 ]. 
Plant contain.? about 0-038 
per cent of an alkaloid 
f Luis Torre? Diaz, 1 936 ] 
and the seeds yield about 
32 per cent of a })urgative 
oil [ Frelse, 1929 ]. 

Tubers said to contain a 
bitter gl ucoside [ Dymock, 
arden and Hon per, 
1890-93], 


The root bark contains 
0-105 per cent of alkaloid.s, 
an essential oil with a 
very pungent smell, a 
crystalline base termc^d 
raoringine w-hieh is physio- 
logically inert, and a 
liquid base, moringinine, 
which is phvvsiologioallv 
active. [Ghosh, Chopra 
and Dutt, 1935 I 


Attention Appear.^ to have 
been first drawn to the em- 
menagogue property of the 
root-bark from the observa- 
tion of Dr Bonchelfa of 
Missksipi who stated that it 
was used by negro women to 
procure abortion. There 
appears to be little doubt 
that it acts like ergot upon 
the uterus, and is useful in 
dysmenorrhoea and .suppres-- 
sion of the men.ses when 
produced hv cold j Watt ' 
1889-90]. ■ 

Tl con.stitulcs one of t/jc seven 
minor poi.sori> of Sanskrit 
writers. ]-|-;a Sanskrit 

synonym ^.garbhaghatini' 
liieair^ ‘the drug that causes 
.‘ihortion , Tlie tuberou.s 
roots are indeed, peculiarly 
bdieved in India to be 
highly poisonous and are 
used to .some extent at 
least to commit suicide 
and procure abortion f VFatL 
1889-96]. 


Seed.? used in indigenous 
medicine. Over "doses 
believed to produce abor- 
tion. 

In India, the roots stated to 
i>e u.sed successfully for 
procuring abortion [ Vpaddel, 

1928], A case wherein 
abortion was produced at 
the seventh month by 
swallowing a decoction of 
the roots of this plant has 
been reported [ Bomb. Chem ^ 
Analy.ser’.s Rep., 1879-80], 

Wiiole plant acrid and the 
ovoid tuberous roots 
reported to have been used 
in procuring abortioo, a 
decoction being adminls- 
PHi'posa 

[ Ilatt, 1889-90 ], 

Gum said to procure abortion 
but reliable information 
on this point lacking. It 
may be ])ossibje to\se it 
as a tent to dilate the oa- 
vUrj^ as it is tough and ' 

swells rapidly when it 
draws moisture f Watt 
1889-90 ]. ' 


EEPUTED ABORTIFAC'IENT PLAOTS OP IS-OIA 


Appesdix— 


' ■'Niimc'id' fd lot 

i' ■ 

1 , .Disiribntion 

1 \ . ■Constiuienti'. 

j Remar! 



31. N(!r)n}ii hidi^'Uiii Mill. 
{X. offm'vjn Suland.) 
Efif/ff-'ih : Indian olaender, 
,Swt*#‘t -scented Olaender. 

: Gaiilrtf, 

Ka H ('t\ K htf r- vth rah . 

Sam-G-hlmar. 


32. KiaXiff safira Linn, 
Jutaffhh : Small Ffninel 
Black (/nnmiin, 
Vernacnlar : Knl i ~ fra 
h'nlanji, Ma>p'f>ia, 


33. PeiiariHm harntala Linn.! 
Knulh'^h : Harmaf, Sv'rian 
f'tnc. Wild Rue. 
Vernacular . Harn^aL 
Kalailautio Spafaua k 
S panda. 


B’ound in flic Himalayas 
from Kashmir to Kepal 
np f f> an altitude of 6,r*0() ft, 
on the Punjab Salt Fiange 
extending westerds to 
Jkduehistan, and also in 
Central India. Onltivated 
throughout India in gardens 
aiifi is apparently wild in 
South India and in the 
Bombay Presidency along 
l)ariks of sireains. 


j (adtivated exlensively in 
I many parts of India for 
i its see^’ls. 


34. Plumhmfo indicn Linn. 
{P. rosea Linn.). 
lUnfflish : Fire Plant, 

Officinal Lcadwort, 

Rosydlowfnvd Leadwort. 
Fern ac ular : Ch i Ira , 

Ch if term ?//, LaUch itfi, 

Lid^hitarak, 


Largely eultirated in gar- 
derrs and stated to occitr 
in a state of nature in the 
Bengal Duars, Sikkim and 
Khasia. Also found as an 
escape in So?ithern India. 


Roots, bark and seeds con- 
tain the toxic priuci^dcs 
neriodorin, uerifKlo rein 
and karabiu. f ran Rijn, 
1931 ; Bo^e, ilMH ], 


Very t-mnnion in the drier 
vvastf? places and fields of 
Bal uch ista n , ziristan* 
Kiirriirn Valley, Sind, 
Cutch. the Punjab, ,Ka.sh- 
mir, Delhi, the ITnited 
Provinces, Bihar, Ivonkan 
and the \^'e^ste^rl Deccan. 


Seeds .staled coni a in Cco 
to PI per cent of an (*>.st;n- 
tia! oil and a saponin-like 
glucoside, mela i,t hiu 

[ Wehmor, R>29-:]1 |. 


Seeds found to contain 
thrc?e alkaloid ^ — harmine. 
harmalinc and htrinalol to 
the extent of i'o to 3 per 
cent. Recently another 
alkaloid, peganine, isolated 
from the seerls which is 
stated to be identical with 
vasicine, the alkaloid , 
found in Adhrtloda vasica 
Nees. [ Henry, 1039 ]. 
They also contnin a soft 
resin with deep carmine- 
like colour having a heavy 
narcotic odour resembling 
that of the resin of 
CJmimhh mtiva Linn. 
[Watt, 1880-96]. 

Root-bark eontai?is the toxic 
substance phirnbagin but 
no alkaloid [ ICat ti and 
Pa twardban, 1032 ], 


Several .suicidal, homicidal 
and abortion cas('S are on 
record in India from tla- 
UH‘ of this plant. Com- 
moiiiy usefi for prociiri!|g 
criminal abortion both }>y 
local applicatifm and 
internai administration. In 
fact the poisonous {>rop»‘r- 
tias arc so well kmnvn ir. 
India that it is a fu’ovcr- 
bial taunt among tVunalc- 
to Say " Go and cat tic-, 
Laner root 

Seed.- used as cmmetiagoguc.=- 
in Kiirope ; in doses of 10 
to grains they po.-^se-s 
a well-marked einnienagogiia 
action in dy.^menarrhoiit, 
and ill larger do>.es prodttee 
a bort ion [ Wat t , i S89-9fi ]. 

Seeds considered narcotic 
miuseant, emetic ani 
cmmenagoguc . Go pa 1, as 

(piotcd by V'uu [ 1889-96 j 
found that an infusion or 
tincture acted as a mild 
emmenagogue. He reported 
that the plant was sometimes 
employed by Indian mid- 
wive.s to procure abortion 
and believed that the drug 
has properties similar to 
those of ergot, savine and 
rue. 


Root mentioned by ancient 
Sanskrit and Mohammadmi 
writers as an abortifaeient 
^nd ve.sicant. It is com- 
monly used in India for 
producing abortion. With 
this object it is sometimes 
g»ven internally and baa 
more than once been 
detected as ])iiimbagin in 
pills stated to have been 
administered for this pur- 
pose. Usually, however, 
it is employed as a louil 
irritant appiieation to the 
o-s~nteri, a jwrtion of the 
scraped root or twig of the 
plant being pushed into the 
vagina, and sometime.s eveii 
into the uterus. In other 
cases the end of an abortion 
stick is covered with a |)aste 
made from the powxlered 
roots. Death not in- 
, frequently results from the 
introduction of this iugidy 
acrid agent if used in any of 
the above wavs. 
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Nara<" of plant 


Dbtrihutiori 


35. Fiumbffgv uyhnim Linn.! 
Ungroffh : White-iowered • 
i^adwoTl . I 

V^rmfciiiar : (‘hitra. 

Safni-rhikh ' 
SfiJed’Chitarak. 


Sfl. Plumertu ufuminata Ail, 
fP, Po^ir.). 

Englixk : Frangipani. 

Jasmin Troe, Pagcwla 
'Trifle.' 


Ffriwcwlaf ; 
Ch<tmp<i, 
Gdainchi, 
Gukhin. 


A ra/t ♦ 
Gobnr-champ, 
<k)mmpige^ 


37. Mandia dumt'ioruiH 

{V«ac«t/ir ; (thfla, 

MaindaL Mt-nphaL 

Rara. 


38. Uuhug moluccaniu^ Linn. 
Vernacular : Kateol^ 

Rufokji. 


30, Ruta graveoUns Linn., 
var. anguMifoUa Hook. /. 
Rnglieh : Are Grace, 

Common Hue, Country- 
man’s Treacle, Garden 
Rue, Herb of Grace, 
Herb-repentance, Herb 
of repentance. 
yernacular ; Pistnarum, 
iSadah^ Satapa. Satari^ 
Rudah. 


40. Salt corn ia hrachiaia 

Koxb. 

Vernacular : Mechul, 

Katiumari. Vmari. 


Largely cultivated in gardens 
thnMigh<iiit India aiid 
ofteti seen as an escape. 
tlrowH wild in south India 
and probaidy also in 
Hengal. 


rjihjvated a.s an ornanientai 
tree thrcuighoiit Indm and 
became naturaliv:ed in many 
[>!aces. 


Fount 1 in the Sub-Himalayan 
tra<'t from Kawaipindi 
district up to 4,000 ft. 
Extends southwards to 
Chittagong. 


Common in many parts of 
central and eastern tropical 
and temjwrate Himalayas 
from Kumaon to Sikkim at 
altitudes of 3,000 ft. to 
7,000 ft. Occurs also in 
Assam and in the Khasia 
Hills at altitudes of 3,000 
to 5,000 ft. abore sea level, 
and in the Ghats from 
Bombay southwards. 

Cultivate<l in Indian gardens 
for the medicinal properties 
of it a leaves and seeds. 


Found in Guierat, Kathiawar, 
Western and Eastern Coast 
of the Madra.s Presidency, 
Sundarbans, etc., ori saline 
marshes or ground covered 
by the tides. 


Constituents 


Roots contain plmnhagin 
which is absent in the 
leaves and stems [Hoy 
and Ihitt, im 1. 


Bark contains a bitter glu co- 
side named ftlumierid w hich 
changes to plumieric acid 
after trcafmrnt with alka- 
line solutions even in <‘oId 
I van Rijn, 1931 j. Milky 
juice? contains pluraeric 
acid, as a calcium salt 
i Wehmer, 1929-35]. 

Fruits contain a saponin in 
the |M'ri<arp, a glucosidie 
saponin in the pulp and 
seeds traces of an alka- 
loid [Vogtherr, 1894]. 
An essential oil also 
present { Chopra, 1933 ]. 


A volatile oil (oil of Tue) 
obtained to the extent of 
about O'Ob pr cent Ijv 
distilling the fresh herb 
in water. A giucos ide 
rutin and a <'Oumarin-like 
odoriferous principle also 
isolated from the plant 
f Watt and Breyer- 
Brandwijk, 1932 ]. 


Remarks 


A 


Possesse.s properties similar 
to those of P. indiva Linn, 
and both used for the same 
purposes. 


Root a violent cathartic and 
blunt -ended branches used 
to procure abortion [Watt, 
1889-96 1. 


'Pulp of the 'fruit 'said : to be 
used sometimes as . an. 
abortifacient [ Watt, 1889- 
»«]• 


According to Rumphius the 
leaves are abortifacient and 
a powerful emmenagogue L 
[ Watt, 1889-96]. 




Oil from Ruia yravmUm Linn, 
u.sed for several |>urpORes in 
western medicine. Given 
internally it acts as an 
.emmenagogue in doges of 
2 to r> drops, hi larger 
doses, however, it acts m 
an abortifacient and pro- 
duces irritant symptoms. 

Indian variety appears to be 
a perfect substitute and 
finds similar uses in indi- 
genous medicine. The oil 
and the herb frequently 
employed to produce cri- 
minal abortion both in 
Europe and India though in 
ordinary doses it appears t# 
have no effect on the uterus. 


Ash considered to have 
emmenagogue. and abortifa- 
cieiit properties [ Kirtikar 
and Basil, 1933]. 


IV] 



KKFirTK'O ABOETIFACIE^T' PLANTS OF INiilA 


A p pgHi) ix—conti. 


'Naiue of.'p'lartt 


1 )iatribiitlon 


CorigtitiieiJits 


''.Remiifrks'' 


41. A common tree about tibe 


Fnqlish ; Soap Nut Tree 
{if Bo util India. 

Vernarular : .Antala, 

A riskta, KoUaimaram., 
iiitha. 

42. Sk.mf^mrpus anmardium 

Linn./. 

EngH^h : M.arking-mit 

tree. 

Vernaruluf' : Bhtla, Bhila- 
ran, Bhilawa, . 


villages in Soiitli and West 
India; also cultivated in 
Bengal and planted eise- 
whe,re also. 


Pericarp, contains a fa,irly j Nut stated , to be ' used tor 
large quantity of saponins, j procuring a feortlo,ri. ' ^ 
'about. 4-5 per cent j 
[ Wehmer. 1929-35]. i , 


Fnund in the Suh-Himalayau 
tract from Bias eastwards* 
ascending in the outer hills 
up to 3 JAM) ft. Assam, 
Khasia Hills, Chittagong, 
Central India, Gujerat, 
fvonkan, Bouthern Mahratta 
Country, fvanara and in 
<ieciduou.s forests of all 
districts in the Madras 
Presidency. 


»hiice of the pericarp contains 
(a) semecarpoL i^) bhilawa- 
noJ, and (c) a tarry, non- 
volatile corrosive residue 
forming about 18 per cent 
of the nut f Pillay and 
Siddiqiii, 1931 ]. 


Externally a powerful co'uatar- 
irrita,nt and, vesicant. ' ■ Ap-. 
plied locai„iy .for , procuring 
'cTimina,l abortion.' ■ 


43. Sksanium ori^ntale Linn. 
(N. indicum Linn,), 

Kmjliah : Gingelly-oil 

idant* Sesame. 
Vmmcular : Gingli, Krda- 
til. Kruhna-iil^ Til. 


44, iSfachytarpheia jamaiceit’ 
sis (Linn.)* Vahl, var. 
indica H. J. Lam (N. indka 
Vahl). 

English : Aarons Hod. . 
Vernacular : JalagaU, 

Kariyv HarnL 

Binainairiru7iji. 

45. Taxus haccaia Linn. 
English : Yew. 

Vernacular : Barini, Birini, 

FosfaL Thnna. 


Largely cultivated through- 
out India* being grown a.s 
an autumn or even as a 
winter crop in the warmer 
parts of the country (the 
truly tropical areas), and a.s 
a summer one in the colder 


! Found practically through- 
i out India from the Punjab 
I and Sylhet to Travancore. 
i Common as a w'eed. Some- 
I time.s grown in gardens. 


Met with in temperate 
Himalayas at altitudes of 
6,000 ft. to 11.000 ft., and 
in the Khasia Hills at aitL 
tudes of 5.000 ft. 


46. Themtm peruviana 
(Per».) Merr. {T. nureifoUa 
Jus». ex BtencL). 

English : Bastard Olean- 
der* Exile Oleamier, 
Yellow Oleander. 
Vernacular : Chinakurah 
Kolkephuli Pila-kaner, 
Eard-kaner, 


Originally a native of America 
and West Indies, now almost 
naturalized in some places. 
Bcarcely a garden in the 
plains without a few' .shrubs* 
if not a hedge. 


Oil from the seed.s contains 
about 1 per cent of sesamin 
and sesamolin. The 
latter breaks up into a 
phenolic substance sesamol 
and another substance 
.mmin f Andriani, 1928 j. 


Said to contain a glucosidic 
substance [ Wehmer* 1929- 


Leaves, shoots, and ^ fruits ' 
contain a toxic alkaloid 
taxine f Henry, 1939 ]. 
Sap acrid and contains a 
volatile oil [ Lander, 
1926 ]. Leaves contain 
much formic acid [ Blyth, 
1920 ] and also the gluco- 
side taxicatin [ Lefebvre* 
1907 ] and small amounts 
of ephedrine [ Gutland 
and Virden, 193.1 j. 

A fatty oil constituting more 
than 62 per cent of the 
kernel and four crystalline 
substances — phytosterolin, 
ahouain, k'.kilphin and 
thevetin [Chen and Chen* 
1934]. Roots also found 
to contain thevetin 
[Arnold Middleton and 
Chen, 1935 ]• 


K.obe.rfc [ 1906 J states that the 

■ seeds, have been, used since 
olden times . as . emmenago-'' 
gue and' abortive*. a.ni.' opi,mon 
which has also been ex- 
pressed by some writers in 
India. This view, how- 
ever, seems to be incorrect, 
judging from the extent to 
which it is often eaten by 
Indian women* as for 
example duriiig the 
‘ bhugga ’ festival of the 
Hindus in the Punjab. The 
existence of any such belief 
among Indian ladies m 
unknown. 

Not put to any u.se in India 
but stated by Fammel 
[ 1911 ] to have abortifaoient 
properties. 


Leaves occasionally employed 
by ignorant people to pro- 
cure abortion. [ Watt* 
1889-96 ]. 


Seeds lung known to be highly 
poisonoms and commonly 
used by w^omen as an 
aborfcifacient* especially in 
Bengal and neighbouring 
provinces. 
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Remarks 

47. TriiUifhema jitntandru 
Linn. 

V*rn€ruhtir : JUddnipra, 

iisif. 

A laanmoii weed growing on 
waste lands in tie plains of 
the Fu n j ah, S ind and North- 
\Ve^t India. 


Plant bcluned to cause abor- 
tion and apt to produce 
diarrliaai and paralysis 

f Stewart, 1869 j. 

4h, Triayiths ma 
xs.situhi Linn. {T, stfonogy- 
an Linn.), 

Englidi : Ihnst’ Fnrf<laiie. 
Virm^'nhir : HiMayra. 

I U ih Sa hv. h f , .S'/*/ V / . 

punarnitra. 

j t'ommon thronghoiit- India . 

i 

The authors have found the 
presence of water .soluble 
b.ises and potas-sium “aits 
in the plant. 

Ri'ols staled to have cathartic 
and imiajit properties and 
us<r1 to prncun; abortion. 

[ Dyinoek, Warden an<l 
Hokfier, 1890-9.3 ]. 

49. fjraia lohata Linn. 
MrnmuUft : Hachita. 

Ba/harhrrn Ytsm hhenda. 

A rominon herb, generally 
distfihiited ibroughout the 
hotter parts of India, very 
frequently iii waste places, 

, and in the bamboo and 
! mango t lnn»ps of Bengal. 

1 ■:"! 

! 

vSeeds contain an enzyme, 
urease [Weliiner, 1929-31 ]. 

A i.trivate communication froui 
Dr R. C. Muirhead Thomson 
of the Toehlai Experimental 
Station, (nnnamara, Upper 
Assam to the authors state.s 
that root of thi.s plant are 
supposed to be widely userl 
foj* pnxmring abortion. A 
short piece of the root is 
inserted into the vagina 
and loft there for 

.several hours. 8aicl to be 
widely used by the Assamese 
and may possibly be used 
by the tea garden coolies 
■ too. 

50, Wiihunio simnikru Bun. 
Vfrngcidar : Asgand, : 

Anvaganda. 

Found throughout the drier 
parts of India, especially in 
waste places, ascending to 
5,(0) ft. on the Himalayas. 

Root contains 0006 per ceiit 
of a light brown and 
pungent volatile oil and an 
amorphous alkaloidal 

principle. Leaf and stem 
yielded traces of volatile 
oil, tannin, a considerable 
amount of potassium 
nitrate, etc. f Power and 
Sahvay, 1911 ]. Besides 

the above’ alkaloid three 
other bases isolated from 
the resin obtained from 
the plant f Majum'lar and 
Guha., 1933 j. 

; Root uccasionully employed in 
the Punjab to etfect criminal 
abortion, and the same 
practice believed to be com- 
mon in Sind [ Stewart, 
1869]. Pammel [1911] 
also states that the plant 
ha.s abortifadent proper- 
ties. 
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for piiblicftfioii on 15 October ]i145) 

(With J7 teAt-ligures) 

A lthough attempts bad been made in the past to work out statistical correlations 

between the yield of agricultural crops with certain nH.‘teorological fajjtors, little attention had 
been paid to correlate the yield with main characteristics of soils bearing those crops. The authors 
in a previous publication [H)41] presented the analyses of vsoils taken from wheat areas in the variety 
distri<^ts of the Punjab and their statistical relationships with the figures for the yield of whe^t. 
That previous work brought out significant correlations between the manganese and available phos- 
phate contents of those soils and the yield of Avheat and was of sufficient interest to justify the ex- 
ttmsion of work on those lines to soils representing other major agricultural crops of the Province. 
l‘he present study relates to the effect of certain soil characteristics on the yield of rice. 




Collection of soil saivjples 

For the present investigation soil samples were taken from a large number of fields in the two 
predominantly rice growing districts of the Province, viz. Gujranw’ala and Sheikhupura. The 
sampling was restricted to the top 18 inches soil at each site. The soil profile was exposed to that 
depth near the centre of eacl) field to be sampled and two samples collected, one from top nine inches 
representing the depth mainly affected during ploughing and the other from the next nine inches 
which usually contains the major part of the root system of the crop. Thd yields of rice, expressed 
in maunds (equivalent to 82 lb.) per acre, of all fields sampled w*ere ascertained wdth the help of canal 
patwaris and local zemindars. As far as possible, the fields selected for this study were normal from 
the point of view of irrigation applied, crop rotation, etc., so that the difference in the crop yields 
could be attributed mainly to differences in certain characteristics of soils of those sites. 

Expeeimental 

The following is a brief description of the technique adopted for the analysis of the soil samples : 

The soluble salt content Was determined by evaporating an aliquot of water extracts prepared 
from 1 : 5 soil-water suspensions. The of 1 : 5 soil-Avater suspensions were determined with 
glass electrode [Hoon and Taylor, 1931]. The total manganese content w-as determined by the 
bismuthate method as recommended by the Bureau of Soil Science [1937]. The available phos- 
phates were extracted from soils with carbon dioxide [Puri and Asghar, 1936] colour developed 
according to Chapman [1932] and matched against colour standards employing Bolton and Williams’ 
photoelectric colorimeter. Boron w’as extracted from soils with hot water, quinalizarm employed 
for developing colour [Smith, 1935] and estimated colorimetrically. Total nitrogen was determined 
by KjeldahFs method as modified by Bal [1925]. The calcium carbonate content was determined 
by titration with sulphuric acid [Puri, 1930]. The exchangeable bases were determined by the uiual 
methods. The degree of alkalization was calculated from the contents of the main exchangeable 
bases [Puri, 1933]. 

The results of the various analyses have been represented diagramatically against the yield 
of rice in maunds separately for the top nine inches (Figs. 1-16) and the second nine inches soil samples 
(Figs. 1A-16A) of the two districts. 


356 



4- 6 8 lO 12. 14- «« l8 20 22 24- E6 68 

y/£/.£> OF RICB tN MAUNDS FSR ACRE 


FIBJA. 

^UMANWALA OtSTRtOT 


a- 78 ' < 50 /^ 

SAMPLES 


V ®®| 

sftS ®i s%8® 

®°?„ 8®V§ 


® O? 

_ o 


afl 


JO • 


2 4^ C S fO I? r-f #1? IS 20 23 ^4* 3^* 38 3M> 

y/£:l£> O/^ /?/C£ MAUNDS PBR ACRB 

Figs. I aud lA. Soluble salfc content of soils of Gujranwala district ia relation to the yield of rice 


fH 



CQf<fT£MT. I Z SOLUBLE SALT CONTENT 



THE INMAN JOI7KNAL OF AGBICUI/rilHAli SCTENCK 


FIG. 2.. 


9 SO/L. 

^AMPl-£S 




EFFECT OF BOIL FACTOBS OK YIELD OF CEOPS 






360 


THE INBIAN JOEBNAL Oi' AGRICL’I/i'l'BAI, SCIENCE 


I XVI 


11*0 

lo-S 

loo 

3 ' 5 - 

3-0 

85 
8 o 4 
7-5 
7*0 
ff- 5 - 
0*0 


lo-sr- 
lO'O- 
3 - 5 -- 
9*0 
8 - 5 - 
8 - 0 - 

TO 
«* 5 - 
^•o> 


o 

o 

8 


0 o 

8 p 

o 

o 

e 


o 


0 ° o 


O 8 ' G 

i 3 

0 

o 


F/< 5 . 4 . 
o— a' soA 

SAMPLES 


o 




o 

0 

O 

o 

© 

G 


0 _ 

§f 

O 

C 

o 

? 

o g 

G 

o 

0 




0 

0 


o 

8 @ ® 


o o O Oft 

Q ^ " 


o o 




o 

0 


©#^ i?/CJ^ W MAi^MOS PEP ACP£ 


O 




o 

0 

o « 
o o 
o o 


© 

o 

§ 

© 




0 


10 la 14* 10 IB 




o 


E2 


‘nr~-Tr^ 
34 ^ 26 


"as" 


30 


Q 

O 


© ^ 0 


0^0 
O © 


O 0 

O 8 ^ ^ 

0 O ^ 


o 

o 

0 

^ 0 ^ 

^0 eO 

o e 


o 

© 


0 

® o 

o 

s® 

o 

.'e 


o 

o 

s fi 

DO 


o ^ 

0 

0 

§ 


0 


Q 

0 


o 

© 


SOiL 

SAMPLES 

0 




MM|M» 

3 a 


w 


© 


e 


o 


0 


0 

0 


O 0 




z 


4- 


nr 

6 




to 


IZ 


''i ' ^ I' '«W>"..-1-'"I|^I j|- .1 ...... 1. 1|, , „y ., ^ 

t4- !€ IS 20 22 24- gg ^qjz 


y/£LS ,, OP^fP/SE ' ■ '-LM ', MAUMOS 

Figs* 4 and 4A. pH of soils of Sheikhwpnra district in relation to the yield of rice 


fOO S€^jL Ncl /A/ QhiS. SOiL. 



* ] V] EFFhX'r OF SOIL FACTORS ON FIELD OF CROPS 




y/OS Sfi/^ 00 / 


$ 





THE iNHIA'X JOUENAL OF AOBl€"OET:UKAL, is^CIEiSCIK 


FIG. 6. 

0-9 SOIL 

SAMPLES 


®4. 6 8 10 t2 14- 16 18 ao 2? 24 26 28 sO 

y/££D RfCE fN MAUNOS PER ACRE 


HG.e A. ^ 

o SHOKHUPORA DiSTRlCT 


SO/L 

SAMPLES 



© 


0 

0 

a ® © 

« 0 

0 0 

.0 

0 

a®® 


> 

48 20 22 

I 4 ‘ 


^ yfy;> ^ per acre 

0 aad 6A, Exckaagdablo sodium o,)n.fceu& (m* e.) of s^Hs of Sheikhtipiira disfcrriot in relation to the yield of rioo 










IBE INDIAN JOl’KNAL OF AGHICULTUEAL SCIENCE 



EFfECT OF SOIL FACTORS OX YIELD OF CROPS 


PIS- 9. 

0«9 SOIL 
SAMPL6S 


YIELD OP RICE'IN MAUNDS PER ACRE 

FIG.SA. 

°o O ® COJRAHWALA DISTRICT 


9-10 SOIL 
SAMPLED 


YIELD OP RICE IN MAURDS PER ACRE 


Fios. 9 and 9A, Degree of alkalization of soils of Gujranwala district in relation to the yield of rice 






DeSREC or ALKAI.I2ATI0M OESReE OP ALKALIZATIO 



THF: LMfl A.\ .OF 


FIS. 10. 
0-9 $Oit 

samples 


YtELO OP RICE IM MAUNOS PER ACRE 

fig:ioa. 

» SHEIRHUPURA DISTRICT 


9*18 soil. 
SAMPLES 


YIELD OF RICE IM MAUNOS PER ACRE 


Fios. 10 an'} lOA. I)egi.H^(‘ of alkilfzat'on of of Sht^ikhiipura district tii relatioii to the yield of rice 


EFFECT OF SOIL FACTOBS ON YIEED OF CBOPf? 


367 




K 


<-04-* 


FIG. It. 


0—9 SOIL 

SAMPLES, 


G 

G 0 

■■ 0 


0 . © ; /© 


T™~4 € S 16 18 20 24 2€. ,28 30^ 

'ifJEl.D OF RKE IH MAUNDS PER ACRE 


F/G/M^ 

GUJRANWALA DlSTRiCT 


© © '' . © „ 

■ 0' ' .© 

©'© 0 ,0 


S— /<S SOIL 

samples 


O i 4 € S »0 ‘2 iS 20 22 24. 26 28 30 


Figs, 11 and 11 A, Peiwntaga of nifei'ogen content of soils of GujranwiJ^la district in relation to the yield o{ rice 


[ 


Af/~rROG£f<^ . , . , MTROG£N 



■TMM tmiMM ilOUBKAL OF AGBICUI^TO'EAL .SOIBNCE 


. , SO/L 
, SaMP 


V/ELD Of~ RfCE fN MAUNDS PEf? ACRE 


FiG-iZA 

SHE/HMUPUPA D/STR/CT © o 


y/£LD OF RfCE fN MAUNDS PER ACRE 


Flos. 12 anrl 12A. Percentage of nitrogen content of soils of Sheikhupiira district in relation to tbe yiel^J of rice 





^ 4 = 

ti O ^0 

^ 5*0 

I 

*« 2.0 
^ »‘ 0 - 

I . 


fe e -0 
!»■*.- 


EFFECT OF SOU. FACTORS ON YIEJUD OF CROPS 


Fm. 13 * 

O-S so f£ 

SOMPISS 


f l ' "" - n 1 T " - t 1 :• » _ 

a, 4 6® *» tz *s *6 a© 84 24 

r/£LO 9F Ptc£ m MOtfHifS P£P PCP£ 

fiC./ 3 A 

CUJRPPf^PlJf DtSTRfCT 


sotv 

SPMPirs 


® a 4 4 B to tz to- !£ i8 Zo Z2 24 24 

Y/£l£> CP PfC£ tN MPi/NOS P£P PCP£ 

Ftos. 13 !«) 1 13A. Mia^Anew oWteiit of soils of GajMnwala diatriofc in relation to the yield of rice 



the n-oii.'- “““ 


FIG. 14, 
^-9 soft 


0 ® o 


O' ; 


, r--T7-X ' ^ 2!r 


/4 




I -— --•-r-T~~r~^^ 






EFFECT Of SOIL FACTOJRS OX YIELD OF CKOFS 


y/£L.O OF RJCE IN M/iUNOB PER ACRE 


P/G. /SA 

GUJRANWALA DISTRICT 


Figs. 15 and loA. Ayailable phosphate content (p.p.m,) of soils of Gujranwala district in relation to the yield of rice 


phosphorus (ppm) phosphorus^ 



THE INDIAN JOUENAL OF AGEICUETUEAL SCIEKC E 


J ,'o i-i I* « l’8 iO tZ Z*_ 2« 

YIELD OF' f^lCE IN MAUNDS PER ACRE 


V/E'LjO op RiCJE iN MAUNDS P£R> ACRE 








0-isms^M/ 


£>/sr^t£r 

^•y*>f*/d SAMd^dSs 

% f«-77 


3-mSmt 

syMms 


EFPECt OF SOIIi FAOTOES ON.YIELB Of CHOPS 


MM AM s^fO^MS 


3^lM sail N 

MAMPdiS 

AfMAA/sS“3-i si *• 


S*iK^3^49 S*0* 


r»VVj fm-4tH £ I»M3 t.# 7*5 5-5 *•■■•«•» . .1..,,^. *' » *'•'3 d ^ 0 v •* '•* 

- rfcu«i/ calcium (MiLLicauiyr^ 

Fl«, 17. Distribution of certain soils charaoteristios in rice areas of Gujranwala and Sheikhupura districts 


£4dJ^AAfW4MA 


, £i/jr/^/£r 


0-3 S0/£SAAfd%iS 


^ J MAM 
MM4M * Zi73 


3* 3S 






iUl 


ll■l■l« 


■15 


Mi 


HUM 


11 


<5 

Mf/sr£^£M>r 


£>/sr£/cr 


a-yMA/ZSJjMA 




MMAM * XA^SS 
4*J»* /3 *40 


SrAMiXA^O 

o/rv/Ari0M» 







iilf THE INI>IAX JOtraXAL OF AOEH'Cl/rrRAL .SEfENTE tAVi 

Statistical tbeatmekts of axalytical rksclts 

An examination of the Figs. 1-17 and 1A-16A brings out diagramioatieallj the sort of relation- 
ship between the yield figures and the main soil characteristics and seems to iti'iicare siiffieient 
scope for further elucidation on statistical basis particularly of the following : 

(i) Soluble salts {above 0*2 per cent) for soils of Slieikhupiira district only 

(ii) pH 

(iii) Exchangeable sodium and calcium base contents 

(i%") Degree of alkalization 

(v) Nitrogen content 

(vi) Manganese content 

Further, histrograms of (ii), (iii) and (iv) soil characteristics are presented in Fig. 17. The 
distribution of the results of the exchangeable sodium content and degree of alkalization are \'ery 
skew indicating that the soils with low contents of those characteristics are nn^re frerjuent than those 
of high contents. 

The statistical analyses resulted in a nuiuber of coiTeiation.s between the tibove-mentioiieii soil 
characteristics and the rice yield figures, which, for soils of Gujranwaia and Sheikhupura districts, 
are given in Tables I and II respectively. Tables Ilf an<l TV show some of the statistical constants 
relating to the multiple regression of the yield figures with certain characteristics of soils of those 
two districts respectively. The partial and multiple curreiations of yield figures with pH and tutrogea 
content of soils of the two districts are given in Tables and VI respectively. 

Table I 

Correlation of yield of rice ivith ceiiaiv i^oil clmracterktkti oj the Jirsf mid second 9 inches soil samples 

of Gujmnwah district 


Soil charaotoristios 


No. of 
observations 


I Correlation f j I 

eharacteristie Total 1st in Correlation Multiple 
between 1st ^ ^ ^ ^ ^ ^ ^ correlation 

and 2iid 9 in. 


Degree of alkalization 

Oaloiam . 

Nitrogen . 


0*6419t 

0*8084t 

0*7479t 

0*4616t 


-~0*217o* 

-~0*3i51t 

-^•2015* 

0*911 


--0-1662 
-4)'2472* 
—0*1308 
O' 1046 
0-2831 , 


0*2202 

0*3lolt 

0*2038 

0*1160 


i Correlation with the average value in the ist and 2nd 9 in. soil samples 
*Indicates significance at 6 per cent level 
flndicates significance at 1 per cent level 

Table II 

Correlation of yield of rice with certain soil characteristics of the fir si and second 9 inch^. 

of Bheiklmpma district 


Degree of alt 

Sodium 
Calcium . 
Soluble salts 
Nitrogen . 


Soil characteristics 


of alkalization 


No. of 
observations 


Correlation 

of soil i 

characteristic Total Ist 9 in. 
between ist 
and 2nd 9 in. 


0*6934 

0*8460 

0*6251 

0*6088 

Not calculated 


—0-2180’^ 

—0-1380 

—0*1714 

0*2693t 

—0*0459 


Gorreiation 
2nd 9 in. 


—0*31511' 
—0*1638 
— 0*2874t 
0*3415t 
— 0*0t)04 
u-6884i t 


soil samples 


Multiple 

correlation 


0*3153 

0*1638 

0*2876t 

o*3r>oot 


j Correlation with the average vaJue in the let and 2nd 9 in. of soil 
^Indicates significance at 5 per cent level 
flndicates significance at 1 per cent level 
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thihshi'ffi t‘onKfanJs to^nferlf'fi triih the Mulfipfe rrf/ression of if 'telt.i of /^or mo! vuiftvi^ 
vIou'artertHtws of mi b of Gnjrammla dblrid 

Ko. of observation —98 


r>ooo' 


(1) The raiues of D.A., ;j»H, Na and Ca taken are those in the 1st 9 in. of soil 

(2) **denotes signihr'ance on 1 per cent level 

Table IV 


>iaibin:al corosiajfls cotno'cled wilh the wultipk regression of yield of rice and certain characteristics 

of soils of Sheikhtipitm district 

No. of observations =62 


Degree of 
alkalization 


vStatistical eoH'^tant 


Yield 


Sodium 


Standard error of mean 


10^63 


113*06 


Correlation v/ith yield (Y) 
Correlation with pE. , 


•0*4425 


—0*3067 


d-0‘3909 


■0*6788 


-f 0*8049 


-0*4926 


Correlation with Ka 


0*4064 


Multiple correlation of yield with D.A. 
/>H, Na and C'a. 


0*6992 


Partial regression coefficient of yield 
4\ ..'rtia I standard regression coefficient 


-0‘1614 


+0*4780 


0*0460 


0*0290 


--0-3027 


+0*0253 


+0*1579 


+ 0*6796 


f, ' for significance of partial regression 
coefficient 


-(1) The values of D.A., Na and Oa are the average values of the 1st and 2nd 9 in. of soil 
(2) *’*''deaotes significance on 1 per cent levet 


Htafcistiea} constant 

yield 

... 

Degree of 
alkalization 

:fpE 

■■■ SodiiuB'' 

C’aleium 

Mean . . . . ' 

V 4.0*54 ■■■ 

2HM 

- 8*11 

2*36 . 

"" ' ' 

lU'57 

Standard error of mean 

6*37 

13*80 

0*766 

. 
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Correlation with yield {y) . 


0*268T 

' -+>*3390 ■ 

—0*2419 

0*083«,> 

Correlation with D.A. 

... 


0*578i '■ 

0*8191 

. —0*5038 

Correlation with pH . 

'■ ** ’ " 


'. . 1 

.C , 0*7342 

1 — o*n2<» 

Correlation wdth N'a . 



' ' 1 

" 

— 0*2iOi 

Multiple correlation of yield with I). A. 

0*3682 


C' 



Partial regression coefficient of yield . | 


---0*1138 

'—2*5279 

■■ ■ 0*7190 

; . —0*0894 

1 

Partial regi-ession coefficient 


—0*2921 

—0*3602 

.. . 0*2510 

I. — 0*0518 

“ for significance of partial regression 
coefficient 

[ . 

1*40 

2*53** 

M7 

' i 

i 

0*42 
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Tab LB 


.wcdfi distfict 


of observations 


HitrogeH' 


■Statistical constant 


Mean . . • * 

Standard error of mean 
Correlation with yield . 
Correlation with jpH 
Partial correlation with vie 
Multiple correlation of yud- 


soil samples 


!wm district 


yyitJi p£f nitroycn, 


So. of observations: 


Nitrogen 


Statistical constant 


the let and 2nd 9 in. soil samples 
below ; 


J V J EFFECT OF 80!L FACTOBS OX SIELD OF CRCJP?; i 

fonttoit hii^lier than 0*2 pfn* cent line! vieH figiires also works out to he insignifieant as cshowii in 
Table IL ' 

(6) pf/ valuf'S of soil, s\ Figs. 3. 3A. 4 and 4A represent tlie relationship of yield figures and the 
/H of soils. The \'arious statistical correlations are given in the taides. For soils of Gujranwala 
district, it is brought out that — 

(i) The />H of the top and second nine inches soil samples bt*ar a significant Correlation with 
yield figures. 

(ii) The partial regression coefficient is also very significant. 

(iii) The total conelatiou coeifieient for figures of and yield, i.e. is not significantly 

different from the nnilti pie cHOTelation coefficient 

(iv) Idieji'c exists a significant correlation between the pH of soils arui the yield of rice, i.e. 

the greater the pH the less the yield and vice versa. This does not, howe\'er, mean 
that other soil rharaeteristics have no effect on yield but they ai’e so <listributed in 
relation to pH tiiat their effect is not markedly apparent. 

(v) The regression formula for the yield figures {¥} in nuuinds per acre and the average value 

of pH of total depth of soil examinedy i.e. 18 in., for Gujranwala district is : 
r=r39*72— 3-53j)H, . 

It is rather interesting that there does not exist any significant correlation between pH and. 
yield figures for soils of Sheiklvupura district. The partial correlation of and yield figures for 
that district is also insignificant. 

It seem.s, therefore, that pH of soils is one of the determining factors for the yield of ri(*e as far 
as the soils of Gujranwala district only are concerned but not for those of Slieikhupura district. 

(c) Exchiwgeahle iuyhient 0 ^ The contents of the niain ext* ha iigeable bases, i.e. sodium, 

potassium, calcium and magnesium were determined for all soil samples. The results of the exchange- 
able sodium and calcium contents of soils, which only seenm^^^ tt> yield signifieaist statistical reda- 
tionships, have been [jlotted against respective yielci of lice in Figs. 5-8 and 5A-8A for the 

top and second nine inches soil samples respectively of the two liistricts. 

The main conclusions regarding the effect of exchangeable Ijase content of soils ami the yi<dd 
figures are : 

(i) The correlation between the yield figures and the sodium (‘ontent of the top nine imlies 

soil samples of Gujranwala district is significant but that with the eak*ium content 
of those soils is insignificant. 

(ii) The correlations of the calcium content of the top and 2ml nine inches soil samples of 

Sheikliu})u,ra district with respect to yield figures are si^nifieiuit and so is the correla- 
tion of the sodium content of the seeoml nitie inches soils of that district. 

(iii) The multiple correlations of sodium and calcium are not significant for soils of the two 

districts. 

{d) Degree of alkalization. Degree of alkalisation is defined as the ratio of the aiuount of ex- 
changeable monovalent ions (Xa + K) in the soil to maximum amount of moiiovalent ions the soil 
is capable of binding fPiiri, 1933]. It appears that, where exchangeable sodium is the limiting 
factor, the yield of rice shows a significant correlation with this \'aUie also. 

The results of tlie degree of alkalization for the top and second nine inches soils of the two dis- 
tricts are plotted in relation to the yield figures in, Figs. 9, 9A, 10 and lOA and the statistical corre- 
lations are presented in the various tables. It is seen that whereas the statistical correlations bet- 
ween the yield figures and the degree of alkalization of both the top and second nine inches soils 
are significant for samples of Sheikhupura d.istrict those for soils of Gujranwala district are only 
significant for the top nine inches and not for the 2nd nine inches soil samples. This difference in 
the behaviour of the soils of the two districts is rather interesting. 

(e) Total 'nitrogen content of soils. The results of the percentage nitrogen content of soils in 
relation to the yield figures are plotted in Figs, ii, llA, 12 and 12A for the top aiul second nine 
inches soil samples respectively of the two districts. The statistical correlations have been worked 
out on the basis of the average nitrogen emtmt for the whole 18 niches depth of soil and given in 


f 



tlif' Thor<^ \vf‘re 60 <nid 36 o])Bt*r vat ions for HhiPikhupura hik! Giijra-iiwala. (Iistn<*t 8 rf^spec^^t*" 

ivf>Iv. As shown in Table 11. the multiple correlation fijsrures are also highly significant. The corres- 
ponding c<nTelation tigiire.s for soils of Gujranwalu districts are, however, not so significant, Ijnlike 
the behaviour of soils of Gujranwala district, therefore, it is the iiitrogen (‘ontent of soils which deter- 
mines the vield of rice in Sheikhupura district, it does not mean, In^wever. that other soil charac- 
teristics ha ve no influence on the yield of rice but they are so distributed in relation to the nitrogen 
content that their effect does not seem to be as marked as that of nitrogen content of soil The 
regression fonnula for the vield figures (F) and the nitrogen content oi soil {^) is as tollows . 

F-=0d>ld8 N^l3-49 

(/) vimtent of soils. The results of the manganese ccmtent (ff soil.s in relation to the 

yield figures are plotted in Figs. 13, 14, 13A and .14A for the top and see<md nine inches soil samples 
of the two distriets- The statistical correlations are given below : 

Ndoif of Hist net Top to. soils Socood ti (}%. soils 

Gujranwala ...... -t- (1*0365 -0*0702 

Sheikhupura ...... — 0*2106 fO*Or)94 

The correlations are not significant which implies that, as far as the yield of rice is concerned 
the manganese content of soils is not a determining factor for soils of any of the two districts. A very 
significant negative correlation between the yield of wheat and this soil characteristic ^vas found 
for wheat soils reported in the previous publication [1941] relating to wdieat soils. 

ig) AvuilahJe phosphate content of soils. The results of the available phosphate content of soils 
in relation to the yield of rice are graphically represented in Figs. 15, 15A, 16 and 16A. A com- 
parison of the figures for the two districts brings out one very interesting difference. The soils of 
Gujranwala district have a comparatively nmch lower available phosphate content than those of 
Sheikhupura district. It may be of interest to investigate further the cause of this difference in the 
available phosphate content of soils of those two districts. Also on the whole, the available phos- 
phate content of soils, under present investigation, are lower than those of wheat soils reported in 
the previous publication. 

As is apparent from the diagrams, the available phosphate contents of soils dt> not seem to bear 
any relation to the yield of rice figures and hence no attempt has been made to work out the rela- 
tionship statistically. As hr as this soil characteristic is concerned there again exists a very cons- 
picuous difference in respect to its effect on the rice and wheat yields. In the latter, a very signi- 
ficant positive correlation was found to exist between the availalde phosphate content of soils and 
the yield of wheat. 

(A) Boron content of soils. The results of the boron content of soils do not seem to indicate 
any relation to the yield of rice. No statistical correlation was, therefore, obtained in this case. 


Conclusion 


Soil charac- 
teristic 


Soils of Gujranwala district 


Significant for both A and B 
Significant for A only 
Insignificant * 

Significant for ‘A otfty • , . ' 
Insignificant . 


The statistical interpretation of the effect of the various chai'acteristics on the yield of rice for 
the top (A) and the second (B) nine inches soils samples of the two distriets are summarized in tabular 
form below * 


Soils of Sheikhupura district 

Not significant 
Significant for B only 
Significant for both A and B 
Significant for botJi A and B 
Highly significant 




IVJ wii/r r)i.sKA8h’ or pioeok millsp.'I', , .370. 


SUMMAEV ■■■ , . . ■.:. ; 

The top HUil second nine inches soil samples from rice areas in (iujranwala and Sheikhiipura 
districts of the Punjab have been analysed and the results of the analyses employed for determining 
the statistical correlations with the figures for yield of rice at those sites. It is brought out that 
the soil characteristics which manifest significant correlations with yield are pH, exchangeable sodium 
and degree of alkalinity for soils of Gujranwala district and exchangeable cahnum and sodium, degree ; 

of alkaUnity and nitrogtni for soils of Sheikhiipura districts. : 

The manganese and available phosphate contents of soils do not seern to afiect the yield of rice 
which is at variance to what has been reported for wheat soils of the Punjab in the previous publica- 
tion. i 
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;i'. THE \V[L1' DISEASE OF PIGEON PEA [QAJANUS OAJAN (L.) MILLS?.] WITH 
1% SPECIAL REFERENCE TO THE DISTRIBUTION OF THE CAUSAL ORGANISM 

IN THE HOST TISSUE * 

By U. N. Miihaxty, Mycologist to Government of Orissa, Cuttack 
(Received for pubUcation on 13 November 1945) 

1 ' I. Introduction 

F rom tlie time when the wilt disease of pigeon pea (Cajmms cajan) was first investigated 
by Butiei*, it has been known that the causal fungus Fiimrium udum Butler forms 
f frequently on the surface of the bark of diseased plants masses of salmon-pink spores whieli may bo 

i either macro- or miero-cotndia. The author, while studying the disease, found that spore masses 

I could often he observed in the branches of the diseased plants to a height of several feet. It was 
^ also observed that the disease may at times become manifest through the wdlting of individual bran- 

■ ches. The spores which are found mainly in the axes of branches, germinate readily under 

s favourable conditions. 

^ • =*=Thi 3 investigation was carried out in partial fulfilment of the requirements for the Diploma of Associateship of the 

Imperial Agricultural Research Institute, New Delhi 
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It ionniflf* to what* .s<*t*rioti of tho causal organism belongs. It was ior a time 

regarded as a race of Fu^ai'inm rai<u(feaim)i Atk., which would place it in the section Elegans. Pad wick 
lllHO). however, showed that in several respects F, ^fdnm differed sharply from F, vaswfectiun and 
considered it a graai species. Wolleiiweber [1938] described as F. htvntium var. uimt(aluni, a fungus 
which Padwiek [1940] showed to be identical with F, udum. The placing of the fungus in F. htnrF 
iiuhK to w hich it has miudi resemblancej would bring it within the section Lateritiuim Section 
Klegans contains most of tlje wilt <‘aiising organisms which invade the plants through the roots. 

Section Lateritium has fungi whhfh liave the habit of estaldislung themselves on the surface of tissue 
of above gr<iund. parrs of plants. 

Tlie preseiice of large* spore masses on the bark of affected plants, and the close resemblance 
of FmafiiatK nd^ntf to species of the section Lateritium, raises the question whether such 
spores, spread either by wind or, which is more likely, by rain-, flood-, oi* irrigation-water, 
establish themselves on the surface of the tissue and then invade it, giving rise to the observed phe- ^*’**^S^ 
nomenon of wilting in individual branches. The woody nature of the host plant does not lend itself ^ » 

to a direct study of the (piestion. However, an Indirect approach was possible. If the spore masses 
appear on the surface of the tissue at points alcove the places at which the fungus is found within the 
vessels, it is likely that infection has taken place from the outside. If on the other hand, infection 
of the vessels is found always in advance of the appearance of the spore masses externally, it must 
be presumed that the latter is a postnnortem plienomeiioii, the fungus having advanced through 
the vess^^ls, tlien destroyed tlie cortex, and sporulated externally. An examination was therefore 
made of a large numiier oi* bramdies in plants in various stages of the disease to compare the internal 
spread of the fungus with its external production of spores. I 



li. IXTEKXAL AXD EXTERNAL DISTRIBUTION OF THE FUXOUS 


From an infested field, plants in various stages of the disease were collected and were classified 
as follows : 

(1) Plants which have l<jng died, showing the superficial pink colorations to some height, but 
bearing no pods and seeds ; (2) plants w hich have long died, showing the superficial pink colorations 
to some height, but bearing pods and seeds ; (3) plants w^hicli have freshly wilted, having one or more 
bmnehes affected ; (4) normal, healthy plants. These groups of plants -were named A, B, C and N 
respectively. Out of these four categories of plants, four plants of group A, four of B, five of C and . ^ 
five of N were selected for this experiment. Isolations, starting from the ground level, were taken "" 
at every sixth inch in height, including the various primary branches. In the plants which had 
freshly wilted, at every height twm corresponding isolations were taken from diametrically opposite 
points on the stem, one line of isolation being restricted to that side of the stem showing black streaks 
either on the bark or on the wood. This w’^as done to ascertain if the fungus w^as specially located 
in those regions of the stem wherefrom the branches had w-ilted. 

To determine the internal spread of the fungus, marks w^ere made at every sixth inch of the 
plants, and from every such point, starting from the ground level, wood of | in. in length was cut 
off. Then the bark was completely removed with a pen-knife and the wood was longitudinally split 
into five sticks. These sticks were then placed in one per cent silver nitrate solution for one minute 
and washed in two per cent sterilized solution of sodium chloride for two minutes and were finally 
placed in five tube slants containing potato dextrose agar. After a fortnight w^hen the fungus grew 
in culture, it was examined under the microscope and note was made w’^hen F. udum had growm out of 
th%,^ticks. 

To determine tlie external vertical distribution of the spores, scrapings from the surface of plants 
belonging to group A, B and 0 were taken at various heights. The slides so prepared were examined 
under the microscope to see if any spore of F. vdum was pr6S6n4i. 



lYj V\I1,T JJl.-KASK f>l’ PiCKON PEA ^CA.IASr.'^ ( I./.IX (/..) MILi.St'. | 

Tlie reHiiits of tlio al>ove cxporiment stre UKlieated in Tables I, II and III. 

. T.VBf.E;l : 
front pJav!.^ of gmu'p A 
{Plants long dead, -vvithout pods and seeds) 


Branches 


Main stem 
b, (branch I.) 


! Total height 
\ in feet 

i . 

f 

External 
distribiitioii' 
in .feet ■ 

Infernal 
diytrihntiun 
ill tee fc , 


■ 

6-* 

' 7*5'" , 


4-S ' 

.7*0'.,,,,';'" 

7*0 ■■ ■ , 

4-6' ■ 

'' 6*5' 

8*0- 

5-1 

7*5 



0*5 

' ■ 7*0 


..fr'O,..,'. 

7‘2 , 

4-2 

, 0*5' 

7-0 

■ ■ 

. 'hZ 

5*1} 

’I 

1 ■ ' 

1 

1 : ..4-0 , 

, 6*5 

i ■ 

|. ■ s*": 

i ■ 

74) 

i ' ;■ 7-4 

! , I '7. ’ 

'4*5'. 

!■ 

! ■; - , 

i'. 44). 

„ 5*5..' '' ' 

1 ■. ^ m 

i 

^ ■ ■■ « 

o4).;''''' : 

1 6*5 , . 

j (tup most) 


j', 4*2 'Vi 

' 5*5- ,' , 

. .('topm.QSt)"'."'' 

8-2 i 

■ 6*0 1 

' ','S-O ■■ 

(topmost) 


i. ■ ' 1 

I ■ _ . ^ 


7-7 

i' .. i 

! ' ! 

:■ .5*9 

6*0 

8-7 1 

6*0 


1 

8-1 ; 

5*5 


8-5 

5*5 
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IsolMiom from plants groitp B 
(Plants long dead, with pods and seei 


Interna] 
distribution 
in feet 


Branehes 


Plants 


lO'O 

(topmost) 


9*0 

(topmost) 


8-0 

(topmost) 


Total height 
in tVet 

V! 

Exteniiil 
dintribution 
in feet 

,■ 


lo*ii , 

4*1, ■ 

6*2 ■ 

2 * 5 '' ■ 

^ 8*3 , 

:■ M) 

9*0 

3*3 

' 6 * 3 - 

■ 2*5 , 




I 


7-7 


4*5 


7-0 
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Table III 

r hdations J'fotn plmds of group C 


(Plants freshly wilted) 




, 

Branelies . 

Total 
height 
in feet 

External 
distribution 
in feet 

■ 

Internal , 
distribution 
on tbe line 
of wilted 
branches 

Internal 
distribution 
on the line 
diametrically 
opposite to 
that of .wilted 
branches 


M'aits . . ■ ' . . . . 

■■■■■:■■ ■ 9-0 ■ 

■ nil 

■■ 1*0 ' 

nil 

C, 

b, . . . . . . 

■ b-.5. 


7hil ' 

X 


b, . ' ' , ' 

8'0 


»» 

■ ; X. : 


b, . . . . . . 

7*0 

' 

■ 

91 

■ .X ■ '■ : . 


b, . . . / : . . 

8*0 

■ 

99 

*> 

"X' 


Main . . . . ■ , ' ■ , 

9-0 

nil ■; 

1*5 

nil 


b, . .... . 

9'0 

99 

0*5 

X 

Cz 

b, . . . . . ■ . 

S*o 

*9 

nil 

pr 

, X 


bg, . • ■ » . ■ . . . 

7*0 

■ ■ ■ i 

99 

2*0 

X ■ 


Main . . * • • 

9-5 

nil 

0-5 

nil 

. i 

fo J m m * * • . • 

. ^ ; ■ 


^ 1-0 

X ■ ■ 

Ca 

1 1)2 ^ ^ • • ' • ■ 

, . ' 6-5 . ' 

99 

1 ' ml 

'' X ■ 

1 

'bji ' . % ^ ' * • « . 

! ■ .. 8*5 , 

■ ft' 

\ 

I ■ ; ■ ■ ■ 

■ .'X; 


Main * , . 

9*0 

nil 

' ■ , 0*5 

■ , nil ' 


hj , . . • •• 

8*5,' 

99 

nil 

' X' 

C, 

■ . 2 ' ■ ^ * » # 

.■ 


\ ■ ^ ' '2*5 ... 

1 

'■ X 


4 « • 4 . 

^ 7-0\ : 


nil \ 

1 X 
( 


Main , , . . . 


nil 

0*5 

nil 


bj . . , . , 

f :■ m-r ■: 

'''99 

2‘5 

X 

C. 

b, 

8*0 


nil 

X ^ 



■ 8-5 

:v/' . 

iv ■ ' 

j 

1 ^ 
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Thi* m-nits in Tables .1 nm\ H show that tlie fungus, in infeC'tiMi braneiu*s bnth pxt(*rrial]y and 
Ihfernallv. is always traceable without any (liseontinuity from the base upwards, and the internal 
vertical spread of the ftmgus is always higher than that (d‘ the (*:cternai. Secondly \n sonic branches 
of soiTie plants ladonging to the group A^ a-B well as to group B, the fungus reaches internally tlu^ top 
showing the possibility of its further spread into the pods and the seeds. 

The results in Table III show that the fungus is always present at diderent heights of isolation 
without any discontinuity and tliia can only be locateil on the side <d' the str*oi haA'ing blackened 
area.>. On the other lunid, it cannot be traced in the diametrically oppitsite side of the stems which 
have not been so blackened, and where the branches do not sliow any sign of' wilting. The fungus 
is ahvays t!*aeeable right From the base upwards to a height 2-2^ ieet. 

The isolation experiments on the normal, healthy plants show the ai)seiice of fungus both i^xter- 
nally and internally. 

The FOSSIBILITY OP SEED I'KANSMISSroX 

Many Famriff causing svilt diseases in various plants are known to be seed-borne. Orton [1.931] 
lists about 15 such species carried on about 16 different host [)]ants. Sinet‘ the publication 
of the paper by Orton [1931 f various other cases about the seed- borne nature of have 
also come t(^ <.)ur notice. Kendrick [1931, 1934] has shown that the wilt of cowpea and the yellows 
of beans, caused by species of Ffimriutn. are transmitted through the see<Ls, K^idow and Jones 
f 1932] and Snyder [1932] have shown that the Fmammi wilt of peas is of similar nature. Taubenhaas 
and Ezekiel [1932] have shown that the cotton wilt organism is seed-borne. In India, Kulkarni 
[1934] has shown the seed-borne nature of cotton-wilt fungus. Mitra [1934] has proved that the 
FuBafi'uni involved in wilted sunn-hemp is carried externally on the seeds. On the other hand, 
Uppal and Kulkarni [1937] hav^'e produced experimental evidenc’c that the sunn-hemf) wilt fungus 
can be carried both externally and internally through the seeds. 

In pigeon-pea the seed transmissibility of tlie Fiwariatii is not definitely known. Butler [1918] 
wu‘ites that tliere is no evidence to prove that the wilt producing fungus in pigeon-pea is seed-borne. 
McRae [1924, 1926] showed that the bulk of infection does not . come through the ,seeds ; but this 
statement does not eliminate the idea that the fungus may be carried through tlte .seeds. Moreover. 
McRae [1924] has shown that when the surface sterilized seeds were .sown in presumably disease- 
free plots, the percejitage of wilt was 004 per cent. This fact does not disprove that the fungus may 
be carried through tlie seeds. Furthermore, from the symptoms, a strong parallelism of pigeon- 
pea wilt to tliat of the cotton wilt is suggested. Kulkarni [1934] writes that in wilted cotton plants, 
the fungus spreads inside the diseased plants to the top, passing through pedicles into the seeds. In 
many cases also the firngus fails to reacdi the pedicles. In i)igeoji-pea almost a similar state of affairs 
takes place. The previous isolation experiments show that the fungus in many cases spi^eads intern- 
ally to the top of the braiiehes and there is every possibility of the organism spreading further into 
the pods and tiie seeds. Therefore, it was thought worthwhile to carry on experiments to ascertain 
if the fungus is borne inside the seeds of the diseased pigeon-pea plants. 

In the topmost branches, the plant stem becomes gradually thinner and thinner and the isola- 
tion from these branches becomes difficult. Moreover, during the process of collecting the dead 
plants from the field, many of these thin branches break and fall down. Therefore to take isolations 
further upwards to the very l>ase of the pods, becomes increasingly difficult and sometimes impos- 
sible. Hence it was thought desirable to study the seed transmissibility of the disease by direct 
methods. 

We know that a fungxis may be carried either externally or internally through the seeds; but 
the question of external seed transmission of the disease is not considered here because, in the diseased 
plants which have long died there are abundant spores on the plant surface. During husking opera- 
tions, there is every chance of the seeds' getting contaminated with the spores from these diseased 
plants. Therefore the superficial transmission of the disease tlirough the seeds will not be surprizing, 
W"ith this assumption the experiment was confined to the study of the internal transmission of the 
disease in the seeds of the diseased plants. 




IMSKAsH of nOEoX PFA |C-F/JA/An' CAJAX (L.) MILL.'^P.] 


Seeds Iroin tlF‘ dis<-*i3<ed and healthy plants in the tk*ld wi^v^a r<>lh*('tpd ajid tbry wen*** classiried 
into three groups as idllows : (1) those from plants whicdi liav<* ioiiu' died, liavin<i supcriieial pink 
•coloration to <xmsid<n'ahle heights of about six feet; (2) tho^e iV<»in the freshly wilted ])ianis : 
those from 1 he normal healthy plants. These groups were desiguatrd B, i ' a?n] X respeetivrdy. The 
■seeds were surface-sterilized by immersing them for five minuttrs in I : 320 formalin stdutfori and 
washing thoroughly in sterilized \\ator. 

In laboratory experiitients. flje sterilized seeds were }>laeed in niin.^ slants containing ptUato- 
dext 3;oso-agar nnalium. Five hundred seeds of tlie group B and 2>no st/eds «>f group C. wej*e thus 
treal'^d. In all the SUO tubes, although tim seeds swelled and burst in course of a fortnight, thero 
was no indication of rhe fungus living inside the seed. 

For pot-culture ex[)eriments. the soil taken from the field was soaked with water half an hour 
before sterilization and was sterilized l^y keeping it for one hour under 25 lb. of steaui pressure. Then 
p«>ts of convenient size were sterilized by < lipping them for three to four fnijiutes in a bucket of 1 : 32d 
formalin solution and these pots were filled up with the sterilized soil. Fojir hundred seeds of group 
B, 800 seeds of group (' and -tOO seeds of group X", were selected an<] iiimiediately after tlieir surface- 
sterilization they WT-re sown, eight seeds in each of the pots. Tin* stsals were sown on 3.7,1941 and 
the plants ejuerged froin tlie soil after a w'eek. The plants were kept under observation till H).I].1941 
when they were about 10 weeks uhl, and ilien tlie experiment w’as diseontinin^il. 

Jt was foumi that out of 4<)0 seeds of group B, only 200 seeds were able to germinate, out of 
800 see<ls of group C. only 747 and out of 400 seeds of group X, only 350 see<ls germinated. 

In none of the plants raised from seeds of any class, w'as there any iadicatioii of wilt within 
the period of ] 6 weeks during which the experiment was conducted. 

it was noted that the plants raised from the seeds of freshly wdlted and liealthy plants, were 
tall rol)Ust, profusely liranched and healthy looking ; but the plants raised from the seeds of group 
B, were dwarfed, sparsely branched and not very vigorous. The average height of these plants 
after a period of IG weeks was about four to five feet , whereas the height of the others was about 
six to seA"en and in some cases rising to eight feet. 


The effect of temfebature on survival and termination of spores formed on the surface 

OF diseased plants 

111 an advanced state of the disease it is seen that the fungus comes to the surface of the plants 
and sporulates there freely. The majority of the spores are micro-conidia. Tliese aerial diseased 
parts bearing abundant inoculum of spores, may prove to be potential sources of danger in the pri- 
mary infection and perpetuation of the disease in a field, if these exposed spores remain viable from 
year to year. It is, however, expected that under natural conditions, of which the temperature is 
important, these surface exposed spores may be affected in their viability and germinability. fii 
the experiments recorded here, the behaviour of micro-conidia at different temperatures ivas studied. 

(aj Determination of a suitable temperature for germinaiion of mkrO’Conidia. From the surface 
•of a diseased plant spores were scraped, and a suspension to a suitable concentration was made in 
sterilized water. One c.c. of this spore suspension was then poured and spread on tlie surface of a 
plain agar plate previously prepared. It was found by trial that the use of a synthetic medium 
encouraged free bacterial growth, and acidification of media with lactic acid did not check the bac- 
terial growth satisfactorily without affecting the fungus spores. In the plain agar medium it was 
found that the bacterial growth was not so rapid. Furthermore, it was observed that when the 
spore suspension was mixed with the melted agar and then plated out, spores were very naturally 
placed at different depths of the medium in the same plate and under a particular field and under 
a particular focus, some spores came rightly to the focus, some slightly so and some not at all. This 
interfered with the counting of the germinating conidia. Therefore, in previously plated agar plates, 
1 c.c. of the spore suspension was poured and uniformly spread, the extra water being poured off. 
These plates were then incubated at temperatures of lO^C,, 15'“C., 25'^C, and 35^C., and the 
number of spores germinated was counted after 17 hours, 22 hours and 25 hours. The results of the 
experiment are indicated in Table I V. 
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Table IV 


The pereentage of <fermit>ale</ mcro-mmUn at dijjeffHt tunes aniler itijji i-e.nl tem i>rMhu-es 


T»*aiperature at whicii the 
plate was incuhated 

Average percentage of 
germination after 17 hours 
of incu ba tion 

: 'Average percentage of 
' germination after 22 hours 
■■ "" of ittc* libation 

. Average percentage: of ■ 
germination after 25 boiifs 
^ of ..inenbatioo 

■■ ■ ! 

10%’. ■ • ■ 

t .Vi/.' 

l$-5 . ] 

\x'" 40-0 ■ ■■' 

15 %'. - ■ ■ 

. 26*1 

. '• j 

33-0 , ; . | 

1 




ao-4 

. , 'I 

40-0 

30 %. 

■■ 

j ' , ' 554) , 1 

i ' ■ ' . 1 

'41-7 




'vi 

! ! 



From Table IV it is observed that under all temperatures tried the percentage of germination 
falls down after 22 and 25 hours. This is because by this time, at these temperatures, comsiderable 
mvcelial growth takes place and the mycelia begin to produce fresh conidia. Thus as the time passe.s 
on the percentage of freshly produced conidia increases and this phenomenon is responsible for the 
low percentage counts in germination as the time is lengthened. Moreover, the rate of production 
of micro-coniclia increases with the temperature, and the longer the duration of exposure, the greater 
is the disparity in the number of spores at the lowest and the highest temperature. , Therefore the 
results on the percentage of germination became irregular after 22 and 25 hours of incubation and 
at these temperatures, the data as seen in Table IV, cannot be regarded as reliable. Moreover, at 
hio-her temperatures of 30°0. and 36°C., considerable bacterial growth takes place, and this goes on 
increasing with time and interfering with the counting. Hence the percentage of germination counted 
after 17 hours was regarded as fairly reliable and the conclusions were made thereon. 

Analysis of the data after 17 hours shows that with the increase of temperature the percentage 
of germination, starting with zero at lOT., increases up to SOX', and then declines at 35X'. In 
other words, the percentage of germination is highest at 30X1 All sub, sequent spore germination 
studies were undertaken at the temperature of 30 C, 

{h) The effect of maintained temperatm-es on the germination of micro-cmndia. The pigeon-pea 
plants are haiwested generally in the months of April and are sown in the months of .June and .July. 
tL dead and the diseased residual aerial parts of the plants lie above or buried in the ground or ate 
carried by some disseminating agent to other fields. After the month of April iingerminated conidia 
exposed on the source of the diseased plants have to pass through a critical period of summer months. 
Under local conditions of Delhi, the range of shade temperature varies from 30X'. to 45A''. in May 
and June, but the spores lie exposed in the sun at still higher temperature.s._ It is of intere.st to study 
if these surface-borne micro-conidia outlive the summer months and help in the perpetuation of the 
disease and in bringing about fresh infestations in the subsequent seasons. With thi.s end in view 
the effects of maintained temperatmes on the germination capacity of the micro-conidia were studied. 

Some diseased stems of pigeon-pea having abundance of micro-conidia on the surface were 
collected from the field on 21.3.1942 and the materials were cut to a suitable size. These stem.s 
pieces were divided into four lots, one lot being kept in the laboratory exposed to the natural tem- 
perature conditions. Out of the three lots left one was kept in 10°C., another in 15X'. and the ia.st 
in 20X. First reading on the percentage of germination was taken on 21.4.1942, after their in- 
cubation for a month; the second reading taken on 20.7.1942, after four months of incubation and 
the last reading on 16.8.1942 after an incubation period of nearly five months. The technique fol- 
lowed iu counting of germination percentage was the same as followed in case of determining a suit- 
able temperature for the germination of micro-conidia. The results of the experiments are indicated 
in Table V. 
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Table V ■ 


3S7 




f{fffr (ifffrntif I/f^^hs ai >j0 ( \ iuh^n ou-tJie:Umm()e peretfiiitafif ojijif'm'utniioit uf 
ftffi t' snl}j(Tfptl fo ffiJff fVtft ff'wpet'atffn^s for o pvriotl of oor tiotofh [21JiJi)42 to 20JJ!hl2) 


I 



As ei'a^e |K!.r‘eeiita,ge 

: ' ; ■ ' ■ ■ ■ ' 

A verage- pereerifTigf-^ 

■ Average pcii'eiitage 

wiiicii sporeH were 

' after 8 hoiirn 



after 10 hours 

after 12 lioiirK 



ICEC. .. , . 

W‘(\ 

20’T. i 

■' ■ , ■ ■ . 

7)5*7 j 

32*8 7''- ■ ] 

. 74*7.8 ■ 

57*78 ^ 

■55*3 : 

-85‘L ■ ,] 

■ ■ i 

55*3 .. . , i. 

i 

' 62-4 , ; . i 

Norjual 3‘ooiit tejaperature i 

■ '..i 

■ 

2LC> ■,':j 

■ ■■■] 

-i 

48*7 '■ 

03*0 ■ ■ { 

; t' 


AvtTUEie percea tage 
aftfT ir> honrn 


hU’7 

.7iM 

77 * 0 ' 

64*0 


Table Ti 

Readiiojfi after (lifforenf hoars at o0‘^(L tale a (ot tha (tnratji' ifereoatiUjo of (O nntaatlln* <tj hfiero^aavidut 
after they were .mhjeefe.il to iUfferent tenrpera lures for a period of four uioofh.H (2Li'jJ9J2 to 20J J942) 


I Constant temperatures to 

• which spores were subjected 

'Average percentage . 
after 8 liours 

Average percentage 
after 10 hours 

A verage pe rcentage 
after ]2 hours 

Average percentage 
after 15 hours 

; . . : . 

■ ■ 14*0 ; ■ ; 

' ' ; 

, 

31-4 

41*8 

iS'C. .. . . . . 

; 11*9 

1.9-4. 

'24*0,, 1 

27*9 

20"C. . . ' * , 

5*9, ■ 

7*5 : ; ' : 

' :;20-3 . j 

■ 25-0 " 

Normal room temperature . 

■ mi. 

3*2 

l,r)-3 1 

2M 


Tablb: Vil 


Readings after different hours at iW^C. taken on Ote average perve triage of germinat ion of miero-conidia 
after they tvere subjected to different tent peraiures for a period of nearly five months 

(21211942 to M,8J942) 


* 

Constant temperatures to 
which spores were subjected 

Average, percentage 
after 8 hours 

Average percentage 
after 10 hours 

Average percentage 
after 12 hour.s 

Averagt* percentage 
after 15 hours 

lO'^O 

' 17*0 

2h5 . 

20%5'„ 

31*8 

wnx .... 

12-8 


i7'6 ' ;■ 

25-0 

2o°a .... 

■ ■ nil 

i. ■■■'r 10*0' ■" 

14*8 

20-0 

Normal room temperature . 
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i .... Tablets V, VI, and VII show that the samples of inicro-eonidia kept <xt lower tempera- 
tuxes, retain their germination capacity better than those at higher temperatures. This fact is 
obvious from the comparative readings in any one of the tables. It is seen that the percentage of 
. germination is the highest at the low est temperature used and gradually decreases 'as tlie tempera- 

; ; ture, in which the eonidia are stored, is increased. 

! The oomj>arative studies of Tables V, VI and VII show that as the samples of micro-conidiu- 

i* are kept for a longer time at a particular temperature, the germination capacity of the spores is 
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■ Discussion 

It is seen that in a pigcoii'-pea plant in an advanced stage of the wilt, the sportss of F, 
winm can be fonnd externally on the surface up to a height of live to six feet. The results of isohi- , 
tion experiment.^ a.N shown in Tables I an<i IL indicate that the external vertical di.stribntiou of the 
fiiiigxis, as judged by tlie presence of the spores on the plant surface, is alway.s lower than the in- 
ternal vertical distribution. This suggest.s that the superficial .spores come after the fungius estab- 
iishes and spreads insiile the plant up to a certain height. This fact i.s furtln^r corroborated by the 
results obtairnsi from the freshly wilted plant, Avhere there are no superlicial spores and the fungus 
is always present internally up to a certain height. Thus the idea that a spore, carried by air 
water, germinates and that the fungus then spreads superficially on the aerial parts of the plants, 
is not supported by the ecudence. Also, field observations show that this superficial sporulation of 
the fungus on the surface of the diseased plants comes late in the season, when the disease is fairly 
advanced. 

Observations for tw'o .successive sea.sons in the pigeon-pea field of the Mycological Section at 
the Imperial Agricultural Research Institute, New' Delhi, showed that in the following year the 
groups of diseased plants were found generally in the same spot w'here in the previous year one or 
more diseased plants were growing. The.se infested areas widened in diameter gradually from year 
to year. Therefore, in an infested field, diseased plants were found to lie always in patches, w'ith 
a few stray plants attacked here and there. In subsequent years, in place of these stray plants, 
one would find two or more plants affected by the disease, depending on the rate at which tlie fungus 
had been able to grow in the meantime. This suggested tiiat the stray diseased plants were the 
results of the current season’s infestation, whereas the individuals in a group ivere the results of older 
infection. 

In freshly wilted plants it i.s seen that a brown streak is jjresent on the stem from the base of the 
plant up w'ards. The branches arising from thesejegions are those which wilt. The isolation 
studies, as seen from Table III, shmv that the fungus is present inside the vascular bundles in these 
blackened area.s, wiiereas at the same height, but in other regions of the stem, the fungus cannot 
be traced. The facts suggest that in the beginning the fungus spreads inside and travels upwards 
in the regions of the vascular bundles and then spreads gradually to other portions of the stem. 
The branches coming In the path of advance of the fungus wilt one after another. This explains 
why, in a freshly wilted plant, there are some i)ranches which are normal and healthy, whereas others 
are wilting. 

Both laboratory and pot-culture experiments have showm that in pigeon-pea plants the wilt- 
prodiicing organism is not carried inside the seeds. The experiments in pots were continued up to 
a period of 16 weeks, the age at which Mundkur [1935] has shown that under filed conditions, 
in a plot which is not naturally infested but artificially made so, the maximum percentage of wilt 
is attained. Affording all possible favourable conditions, not a single case of wilt was observed in 
the pots, showing that the fungus is not borne inside the seeds. 

Experiments have shown that the fungus has been able to reach the top internally, only in the 
plants that died early, and only in some of the branches of some of the dead plants. In some of the 
diseased plants which died early, although the fungus has spread internally to considerable heigiits 
oi* about six to seven feet, this has not been able to reach the top. In those freshly wilted plants, 
the internal spread of the fungus is only about two to three feet above the ground. These facts 


reduced more and moo?. In the samples kept at the lowest temperature of lO'C. for a month tire 
pu'centage of g^umiinatmn after 15 hours at 30T, v\as 89*7 in April, this number decreasing to 
31 -8 m .-Uigust after five months of storage. Similar was the case witli the highest constant tem[)tn‘a- 
tnre used in this experiment. In the samples of micro-conidia stored at 2b''(‘., the percentage of 
germination after 15 hours at 30T. was 77d> in April and 2r>‘6 in July after four months of stor- 
age and 2P-0 in August after five months of .storage. These facts indicate that during a course rd' 
fivf months of str>rage at a particular temperature the germination capacity of micro-conidia is appiv- 
ciably reduced and with the liigher temperatures these changes become more marke<l. 
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hliow t'liat tip* fiiiigiis run hpmpi sa.prcipliytieally imkie the plants after flseir <JeatlL ataL f’UlJier 
tiiat I'OJisiderable tine* elap.se.s l)etw<*eB the «leath of the' plant unri the arrival of the liiriLPi" Tt ih^t 
top, Th^]^. assunuDL' tie* fac-t that the ability of the fungus to reach the top U a |)osto'a» -rteai pheno' 
u the lift^ <*(»ntinuity of the setsls with the plant is broken hefon* the fiinefis rejiehe- the sevih, 

ruder thest* (‘oralitions, if the seeds are immature, they will not get time ro mature and will simply 
liarden up due to the loss of water in er)urse of time. If the fungus ean enter the ])ods before the, 
‘•e<‘ds dry up, it can make its entry through the soft integuments into the seeds ; fait tlie ,sf*e<ls, imma* 
lure as they are, will never be abh* to germinate. On the other band, if the seuds ajv mature by the 
time of the plant’s death, the bard integuments of seeds will make it dihicuilt fm* rhe fungus to ir-t 
inside. Therefore for infection of the seed.s we must ex|>eet the following eondition.s : (I) Tne 

bnigus should reaedi the setnis la*fore the plants die f {-) seeds slicmld Ih‘ young and immature 
with their inte'guments soft that the fungus can make an easy entry. Sinee the ])lants <lie b(dotv 
the fungus reaches the top and the organic (‘onnection of the seeds with the plant is severed with 
ronse(juent dis<a)ntinuity in seed nourishment, such conditions as outlined alnou* probably never 
iuippen. Therefore, on'pundy theoretical grounds it seems that in the matured s;e»uls which, e.an 
germinate, the fungus cannot possibly be borne inside, even though it may be able to rt^acli the top 
<T the plants. 

It was observed that about oO per cxuit of the seeds collected from plant- in an odvaneed 
state of tlie disease could not germinate and almo'^t all the seetls from freshly wilted plants germi- 
Dated normally. This seems to be due to the fact that in the plants wliicli had died early, probably 
the seetls could not get time to mature properly, whereas in the fn?shiy wilted plants, the seeds at- 
tained maturity ])efo]-e the disease could bring about the death of the plants. Therefore, the failure 
oi some of the seeds collected from tlie diseased plants that die<l early, can rightly be ascribed to tlm 
immaturity of the seeds, and n<>t to infection. 

Furthermore, it was observtH] that the' plants raised from the seeds of the disras^ d paints that 
died early, were stunted in. grow1:h, less vigorous and sparsely branchefl ; l>iit the seeds from the 
freshly wulted plants gave rise to normal plants. The difference between these two groups of plants 
was the attack of tlie disease at dilferent >stages of their growth. The loss of vig<.)ur, dwarfing effect 
;;nd others wliicli were noticed in this case were perhaps due to the discontinuation oi certain pro- 
rf‘.sses in that chain of reactions which takes place for the proper nourishment of the embryo and 
thus affects the vitality of the seeds. 

When debris from diseased plants carrying abundarit micro-conidia on the surface, was stored 
at different temperatures, the micro-conidia retained their germination capacity better and for a 
longer time at low temperatures. As the temperature in which the saTii|)les of micro-conidia were 
stored wtts increased, the percentage of germination after any particular hour at 3(fC\ gradually 
became less. Also w'hen the period of storage at any particular temperature was extended, the 
germination capacity of the micro- (‘onidia was gradually reduced. The germination of niicro-conidia 
exposed to the normal room temperatures dropped appreciably after four to five jnonths, though 
still a certain percentage of micro-conidia remained viable. The experiments were not carried far 
enough to determine whether under exposed conditions in the field spores may remain viable from 
<uie season to the next. 
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Summary 

(1) Fnsarium tdum Butler, which causes wilt of pigeon pea, forms abundant spore masses on 

the surface of infected plants. ^ ^ i 

(2) It was found that the spore masses occur only on branches ol inlected plants at a point 
ccnsiderably below that which the fungus has reached in the tissues, and it is conchided that the 

h 2 



ispore du uut funn us a msiilt of primary in the ueria! parts, but arise us a result of 

the outward -pread of the fungus from iiiternally infectecl braiiehes. 

{:i) llie fungus was never found to be carried within the seeds. 

(J) The conidia retain tlieir viability for some months, but this falls of! more quickly in nortual 
ruoin teuiperatures in summer numths in Delhi than at a temperature of 20'^C. or lower. It remai??s 
to be determined whetlier under field conditions they can sur\dve from one crop season till the next 
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PHYSIOLOGICAL STUDIES IN GEOAVTH AND DEVELOPMENT OF CROP ^ 

PLANTS 

I. PHOTOPEEIODIO INDUCTION OF DEVELOPMENTAL ABNORMALITIES IN INDIAN 

WHEAT 

By J. J. Chikoy and K. K. Nanxja, Imperial Agricultural Research Institute 

(Received for publication on 1 i March 1946) 

(With Plate XXIV and two text-figures) 

F rom early days observations have been recorded on branching and other abnormalities of 
the reproductive spike in cereals and other plants. An excellent summary of earlier work has 
been given by Bose [1935] who observed branched heads in Indian barley and studied the inheritance 
of this character in F, and Fg generations. Hurd-karrer [1933] made observations on the growth * 

of normal winter and spring bread wheats when kept itnder short (8 hour) and long (17 hour) day at 
constant low {12'’0.) and high (•21°C.) temperatures. She found that at both low and high tempera- 
tures, short days produced long heads, the lengthening being most pronounced at the low tempera- 
ture and mainly due to an increase in the distances between the lowermost spikelets. Under condi- : 
tions of short days and low temperatures a secondary head w'as sometimes produced from the axil 
of the topmost leaf, and in Turkey, 'the winter wheat used, the main heads were often branched 
giving “ miracle ” bread wheats. .^Long days produced very short heads. In the winter wheat 
used, long days and the higher temjierature often led to a failure to produce heads at all but resulted 
in the development of an elongated shoot with multiple vegetative branching at the nodes. Tuman- 
yan [1934] has shown that forms with branched ears were only known in TrUicum (urgidum and T. 
'diencenm till lately. In 1929, however, he found some true soft wheats from eastern Anatolia with 
branched ears, which peculiarity wjis transmitted to the progeny. A new sub-species, called Triti- ' 
cum ndgare compositwm was established for these branched, wheats which are also characterized 
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f.v .■arliiics.s. tlrnuuiit rfsi-<tanc.,\ lii"!! |)ercenta','e of protein in the .ijraiu uiirl stiff straw. McKinnev 
aiiil Satido IlfKUl fonml tliiit ccrraiu varieties of wheat -^frowii under daily pliutu-periods ot I'-ss t lan 
i;’. hours or under eontiiiiioiis li^ltt of low intensity lirouydit ahoufc tiyistin'r of the internodes 
at (he lia.se ol' the raehis in sotne of the tillers of a single plant. From the taet that not all «tr‘eries 
.showed twistine imdm- (lies- condition.s it w'a.s assumed that heritable factors were involved. 1 In* 
plienominioii of twi.sted tiee.s has lieeti considered by the.se workers in the light of the results on wtieat. 
Biddiilph I'lftdo! working with plants of klondike 'i'ariety of Cnnipomht svlphnrws found that wlien 
they were transfenvd from siiort to long photo-periods several aliiiormalities developed includinu 
changes in the phvllota.vv, eioiiuation and folmtiou of bracts, twin tlower-head< and .dongnted inter- 
nodes in the reuioii.s of 'the involucral bracts. Murneek [lyid]. on the other hand, demonstrate., 
rliat Paidlmckia plants when transferred from long to 7-liour «lay either tailed to flowiw or hor- 
ve-mtative Howers. while some formed the usual type of flowers. By slowing down thermo-au..l 
photo-phases in wheat and rve. Zabiuda fl^dO and 1941] was aide to produce abnonmdities in spm'o 
.Structure .siicli as, the formation of true leave.s at the base of tiie .spilce, conversion of .spikelcts mt.-. 
spike.s and of spikelet scale.s into leaves. Recently Sharmaii [1914] obtained branched or normal 
heails of wheat, in an F, progenv of a cross between a normal bearded bread wiieat {Tntmm i'alg<uc 
Ho.st, 211=42) and a brauclied or ‘ miracle ’ headed Rivet wheat (T. Uugiduin h.. 2u=i8) by alter- 
im^ t’he time of sowim-. Thi,s branching of ears was noticed only on the mam stem, lillers gave 
r!st< to normal lieails in all cases. He concluded that the e.vpre.s.sion of this character was greatlv 
influenced bv the dav-length and perhaps the temperature imder_ which the plants were growing 
He. postulated that the brniicherl- headed factor operated by altering the liranehed/normal-headed 
threshold anrl so could be made to behave as either a dominant or a recessive at will. .\s a result of 
f xt.en.sive work on the interspecific crosse.s of wheat (7. rw/i/are x T. camloviamm and T. vafyafex 
~T !<nh<u-(>econm). Pa! and Ids a.ssociates at this Institute (impublislied work) have demonstrated 
that the coiniiound spikelets of T. vavilodmmm aK inherited m the F. and h, generations and that 
the degree of compounding of spikelets in the crosses as well as m the .specie.s itself (I . oimlomaimm) 
is greatly influenced by environmental and soil conditions. 

It becomes clear from, the above review that although some of these abuonnalities may be 
genetic in nature they are in the main controlled by environmental factors, especially light and 
temperature. During the course of studies on photo-penodic respon-ses of wheat at this Institute 
such abnormalities appeared in plants under certain photo-treatments. Et was, therefore, decided 
to investigate the cause of these abnormalities, particularly with reference to their relation with the 
phasic development of wheat. 




Experluental procbdueb 

Graded .seed of three pure line varieties of wheat {Tntmm oulgafe var. I.P. 165, I.P. 52 and 
P O' 591) were terminated in Petri dishes, on a thin layer of sterilized .sand. , -n x. • r i 

IVentv-flve .seeds falling within a range of 45-60 mg. weight were placed m each Petri dLsn, 
watered with 5 ml. of distilled water and exposed immediately to the following photo-periodic 
treatments, (i) complete darkness, (ii) 6-houE daily illumination alternatmg with IB hours of <la^ 
(iii) almost eiiual periods of light and darkness (normal day-light of Octoboi-March at Delhi), (iv) 
18 hours of diily illumination alternating with 6 hours of dartaiess (norma c ay-hglit supplemented 
by artiticial illumination from four 200 watt, day-light bulbs at a mean distance of 2 ft. from the 
se^d for a requisite period), (v) continuous illumination (24-liour light period). After the comple- 
tion of the above light treatments which have been called plioto-inductive treatmentsc the seeding.s 
were transplanted in unglazed pots and exposed to : {«) a day (SD) with a 6-hoar period 

illumination, (h) normal day (ND) with almost equal periods of light and darkness, and (c) long- 
day (LD) either 18 hours or 24 hours of illumination as shown for different experiments. Full 
details regarding number of seedling, s and pots used, growth measurements and length ofj-ifferent 
treatments are given separately for each experiment. _ Different combinations of photo-induc- 
tive and post photo-inductive treatments are described m the text by combining the serial num >er 
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of tlu- lonan v^hh tlif* ahi^rf^viatiou of tJie latter. Tliim fur imUmee : i-8.D ineaiks thai tlie seed- 

^^eie kf*|>t iit o(n\\])lefo f]arknes^ duririji the |j('nod uf piiotudiHlia-tive treatment ami were Hub- | , 

Fef|iieiitly exposed (post photodmlnorive trea^merit) to a sjiort day, TjdJ) ineums that the seedlings 
reeeivecr'eontinmnis illumination <lurir;g the photo-induetive treatment and a long day during the 
p<‘ricK! of post photo-imiuetiA-e treatment and so on. 

Ejperiii.enl No, / (1941 -42) 

I rom/ms ascil Thive-LP. l.P. 52 and F.C. 591 (f. rtfhjnn). 

Photo- periodic tmthitenU : Petri dislies t*<mtaiiiiiig 25 graded seed (45-50 nig.) tvere 

moistened tvith 5 ml. of water and placed under the live photo-iiidnctive treatments descrihed ' 

above lV)r tlie first 12 days, Tlius27 Petri dishes (nine for each of tlie three varieties) were placed 
umbo' each rroatimmt. The three post photo-iiKbictive treatments alrea«ly descril><‘<l were 
startt'd irnnifsliarely aftfu* the transplantation of seedlings in pots. 

(4 r oHih fhfiet'iv f i 0 }k s 

Moan period between the day of sctwing and the da\* erf first anrlaesis in 10 plants selected at 
rari<lo?n tvas taken as vegetative period for each treatment. 

Number of spikelets and nnnjber of grains in the ears of live plants were r-ounted and mean t-alues j 

per ear w-ere obtained. l\lean length of ear waas also derived from observations on five plants. i 

Eesiilts are presented in Table i. | 

it Avili be observed that the vegetative period is determined ])y the longtii of the day. Even ^ 
the photo-inductive treatments tvJiicJi are of .sh<mter duration compared to the post photo-inductive 
treatments reduce the vegetative period. Nun\ber of spikelets and grain pei* ear as well as the length f 

of the ear are all appreciably reduced in all eomi)i nations of p)hoto-inductive treatment with sub- | 

Be<juerit long <lay (LD) in all 4-fie three varieties. | 

The aho\*e analysis (Table if) dearly reveals that both the plioto-periodic treatments have a f 
significant effect on ear development both as regards the number of sjdkelets as well as the length 
of ear. Althougli analysis of variance for the grain niunher as well ‘as for the vegetative period have 
not been presented here, it has i.)eeri carried out and in the case of tlie former it follows a parallel 
course with the niunber of spikelets per ear. LI) treatment causes a reduction in number of spikelets 
ear length, grain number and. vegetative period. I 

Expermcfd No, 2 (1942-43) | '.|f 

In order to confirm the results olhained in 1941-42, experiment No. J, Avas repeated during I 

1942-43 with very few modifications. 

Pkot'o-perudic treaUmnis - . I 

Only three photo-inductive treatments Nos. 1, 3, and 5 were used in this experiment. Biira- I 

tion of treatment was increased in each case to 14 days. SD and ND treatments were the 1 

same as in experiment No, 1. LD treatment was, ' however, continuous light instead of 18-hour I 

day. In all 81 Petri dishes with 25 seeds in each w^ere exposed to different photo-inductive treat- ^ - 

ments (27 each variety)* . |;'v -■ 

Growth observations were the same as in experiment No. 1. Ten plants were used for deter- , 

milling spikelet and grain numbers as well as the length of the ear* f 




Table 1 

Devphptnmf of the ssjnl-e of three varieties of irheat mniet differential photo- periodic, treatment (11)11-42) 







Table II 

Analysis of variance of sjnkelet number and ear lenyth (Table I) 
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S.Oein^tes hisjthly of tr<‘atiiu*nt-^ u»j(i iutenicrious (1‘ <*>.»»}}. 


Eesults of this experiment (Table 111) fully corroborate the limliiigs of the previous year (Table 
I) in that the ])Ost photo-inductive treatniejit LD in conibination with all the tliree photo-inductive 
treatments causes a liighly significant reduction in the spikelet iind grain nuudjers as well as in the 
length of tlie ear. Other abnormalities which will be described presently are also reproduced especial- 
ly when tJie plants are transferred frt>ni a long photo-period (Treatment No. 5) to post phot{j-ir]rluetive 
treatments witli shorter photo-|)eri<>ds (BD am! ND}, 

Expfriuu^itl A'o. d {J942-Ei) 

The occ‘un*ei}ce of branching of main axis and other abnormalities in }.>lants imder o-BI) and 
5-ND treatments (Table I and Plate XXIV, fig, 1) and absence of these abnormalities unde}* other light 
treatments gave an indication of the existence of a critical state in the forimiiion of reproductive 
primurdia. This result has been subse(|uently confirmed by results of experinauit No. 2. Experi- 
ment No. 3 was designed to determine the length of the photo-inductive treatment (No. 5) necessary 
for causing a signifi<*ant change in the development of the spike, 

Viiriely, (hdy one variety IP. 52 wheat which gave very good respcuise to light treatnients 
was >selected for this work. 

Photo-periodic treatment : Germinating seeds (in 42 Petri dishes) were kept under continuous 
illumination for varying nural)er of days ranging from one day to the wdude growth period. There 
were in all 14 treatments as indicated in the first column of Table V. After the completion of each 
photo-incliiotive period the plants were transferred to normal day illumination for the rest of thei? 
growth period. 

Growth observations were the same as in experiment No. i. 
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Table V 


1 


Ontiml phokf’iud^j/Hve period criming mluetimi in 

{1942A3) 


spikelet and grain number as -well as in ear length 


Plioro perioiik 

All HL'i-nwl d.uy'! . 

1. Long day and fiian X.lJ. 

2. Longday-^ Ditto 

S. Dir.to 


VctretJttiv 

jwrhHi 

{days) 


Karlirie.s:i 

Xo. of 

Xo. of 

f.engifi 

fiver control 

spikelete 

grains 

of ear 

(Hayii) 

I 

per ear 

per ear 

(cm.) 


AH long dajs 


Abiiormalitaes, if .any 


Xortnal e:ir^ 

Ditto. 

■' Ditto. ", 

Ditto. 

Idrto. 

Ditto. ■ 

Ditto.' 

Kars sligiitly nhortw 

Ditto. 

Kara .short 
Raohis elong«Tfced 

Kans .short 
Raehls elongated 

Main ears very short. 

Kuchis markedly elongated 
Kranclung of main ears 


Main ear.s very .sb(3rt 
liaehi.s markedly elongated 
.Xc). of spikelets in the main ear rediieed 
to 4-5 

Branching of main ears 

Kars very .small hut without any 
ubnorraalities like hrancldhg 


The ears become shorter in photo-inductive treatnimit with long days, and progressively 

become shorter and shorter as tiie ]>hoto-inducti\"e treatment Is prolonged, deduction in numbers 
of spikelets and grains i>s, hovve\'er, noticeable in the photo-inductive treatment with 10 or more days 
of continuous illumination. It would be well to remember here that figures for the number of spike- 
let and grain are average of all the ears of 10 plants, ff only the main ear is considered there is a 
far greater reduction in spikelet and grain numf)er than shown in the tables of results given here. 

Brandling of ears and other abnormalities 

Over and above the shortening of ears and reduction in the number of spikelets and grains 
certain other abnormalitie>s have been observed which are described in the last columns of Tables 
X III, and V as well as shown in Figures 1, and 2. 

When LP. 52 plants are transferred from No. 5 (24 hour-day) photo-inductive treatment to 
SD (6 hour-day) treatment the rachis between the 1st and 2nd vspikelets (counting from the base) 
gets elongated. Branched ears are obtained in the same variety if the plants are transferred from 
No. 5 photo-inductive treatment to normal day. When the plants of the same variety are continu- 
ously kept under long-day conditions (as in 5-LD treatment) no abnormality in spike development 
other than the shortening of the ear and the reduction in the number of spikelets and grains occurs. 
The abnormalities in the development of the spike of LP. 52 wheat under different photo-periodic 
treatments are shown in Plate XXIV. On the left hand side an ear (A) from o-LD treatment is shown 
which is characterised by reduction in the number of spikelets and the ear length. , In the centre 
a branched ear (B) from 5-lto treatment of experiment No. 1 is shown. On the right hand side a 
branched ear (C) of the same variety observed in 6-ND treatments of experiment Nos. 2 and 3 is 
shown. An interesting feature of the branched ear (C) for 1942-43 is that two vegetative branches 
have been given out (Plate XXIV, fig. 1-C). 
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ih iiii* of l.P. 1f>r>, abMonimJities werp least uorieoablio Exeept for the eloiijiatioii of rarliis 
berueeo fhv linst and tlie second spikeiet iaider-',>Slj and .VX I Hreat fiicfits fTabies I and Ifl)^ ^vliich 
was wnnetiirieH «{nite pronouiieed. no other abnonTudity w“a,s notic'cd. 

Ill P.i', old, over and above the iisoai eloBgation of raelds b»‘t\veeit the first and the second 
spikelet under o HI) atid o-XJl treatments (Tal)les 1 iOid III) I'ompound spikelets appea.red under 
5-NI) treatnamt (Fig. 1). ■ 



FJCt. 1. 2. 

It is worthy of note that in all these cases such abnormalities were ob?f>rved only in the spike 
of the main shoot* All the ears ileveloping from the tillers of the same filant were apparently normal 
althongli there was a reduction in their size and also in the Tiiiini?er of spikefets and grain. 

In experiment No. 3 abnormalities such as branching of ears on tlie main stern began 1 <j appearj 
only when the photo-inductive period of continnuns ilhiniinaticm was longer thaii 10 daivs. ln‘ 
ex|}erirn(‘nt Nos. ] and 2 in whhdi branching of ears W'as also observed, tlie Tihoron’mlnctive periods 
of contimions light was of 12 and 14 days respeetively. In otlier wsmls tlie j»resem‘e of a threshold 
light value is indicated for tlie production of such abnormalities. A fetv ydants from all the treat- 
ments (of experiment No. 3) wore dissected out at the shooting stage for studying the growth of the 
spike- No abnormalities wTre observed in any treatment except in plants which had received 15 
and 20 davs of continuous illumination as photodnductive treatment, where a number of primordia 
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i:t to 4) appeared! at tlie base of the main ear-heacL A tliagmniatie representation of this abnormality 
is given in Fig. 2 whieli is drawn on a magttified scale (x 10) to jriake the growing points vhMe. 

CrEKEBAI. DlsecSSIOK 

As already slated in the i n trod tictoiw part of this paper, abnormalities generally appear as a 
result of changes in environmental conditions, especially photo-periodic in nature [Biddnlpli. 1935; 
Slurneek. 1940; Zabhida, 194041; Hurd-katrer, 1933; Sharman, 1944; and McKinney and Sand*), 
1934]. In the present iin’cstigatioii as well as in a previous coniinunication l>y Nanda and Chinoy 
[1945], abnormalities have been observed when the photo-periodic treatment was changed fDuu 
/M:)ntinuoiis illiimination to a subsequent short or a normal day (5-SD and b-KD tratmenb*^ of Tables 
I and 111 and photo-iiKiuctive treatment of 15 to 20 days of eoDtiiuious illumination in Table V). 

Tlie above evidence suggests a eaiisal connection l^etween tlie phasic development of wheat 
ami these abm^rmalities. According to Lysenko Bur, PL Gcmef, Bull, No. 17. 1935) 'rtfje 

qiialitative changes occurring in the cells of the embryo at the time of vernalization constitute some 
permanent change of state which is transmitted to all later generations of cells throughout tlie life 
of the plant". Ljubimenko (quoted from /.BkfAfr. J4u7/. No. 17) differing IVoni Lysenko in his 
interpretation of tlie change occurring during veriialization has given considerable amount of evidence 
to demonstrate the impermanent and reversible nature of tliermai and photo- periodic induction 
effects wdiich are comparable to Lysenfai^s vernalizatmn effects. Litvinov. Kon 8 tanti!io \7 Bassars- 
ka ja, (lavrilova. Capikova and Zerling and Novikov (Imp. Bur. PL GeucL Bull. No. 17. 1935, pp. :?9, 
49. 47, 49, 79, and 82) and Gregory and Purvis [1938] have demonstrated the ret'ersibiiity of clianges 
occurring during vernal izatioin It, therefore, appears that there is a critical phase in tlie develop- 
!!ient oi' a young cell t\ heii it can be moulded into a vegetative or a reproductive organ depending 
upon the stage to whicli the qualitative change has proceeded in the cell, during the incluction period. 

Evidence presented here (3-LD treatment of Tables I cxnd ITT and the last treatment —all long 
days— of Table V) clearly demonstrEtes that the ind treatment when carried beyond a certain 
stage would affect a permanent change in all the later generations of cells. No abnormality such 
as branching of ears or elongatioii of rachis is, therefore, noticeable in sucli treatments. The rever- 
sible nature of the qualitative change, however, becomes apparent wlien the plants are transferred 
from long to a comparatively shorter photo-period, as in 6-ST) and 5-ND treatments as well as in 
a photo-inductive treatment of 15 to 20 days of continuous illumination (Table V). Here branch- 
ing of the main ear is observed, whereas all other ears arising from tillers are structurally normal. 
It can, therefore, be assumed that the induction effect has not been fully transmitted to all later 
generations of cells, as maintained by Lysenko. Neither Lysenko’s concept of irreversibility of 
vernalization nor Ljubimenko ’s idea of the reversibility of induction effect can satisfactorily explain 
these evident disturbances in the symmetry of growth and development of a plant. The concept 
of hormonal regulation of growth and development is now generally recognized [Cholodiiy, 1939, 
and Gregory and his associate, 1937 and 1938]. 

The nature of tlie qualitative change under discussion here can, therefore, be explained l>y 
postulating that a change in the photo periodic treatment brings about an alteration in the rates 
of production and of utilization of the regulatory substance, thus affecting its concentration in the 
growing points. Such a change in the concentration of the regulatory substance is likely to cause 
disturbances in growth and developmeatat symmetry of a plant. The response obviously will vary 
w^ith the genetic constitution. 

Summary 

1. Photo-inductive and post photo-inductive treatments were given to three varieties of wheat 
{T. vulgare), I.P. 165, I.P. 52 and P.C. 591 for varying periods and the influence of these treatments 
on vegetative period, number of spikelets and grains per ear, as well as its length were recorded. 

2. Under long-day conditions (5-LD) number of spikelets and grain and the length of the ear 
were considerably reduced. There were no other structural abnormalities under continuous long- 
da v treatment. 


fhnMUFLujfn a x^ar-thu; AurncK riK VKui'riABJ.i'i rui-jrkb 


Ih If. howiHTr, tiie plaut^ wore trarisiVrivd from a hnvj. day to a. ^liort or a iionna! day, different 
type.s of abrioffiialifiex siieh a.>, ijraneliino of oar (Fiu. 1), eluioaatioii of raehis (Table.s B flL V) 
and coHipourKlin'j; f)l' lowt*rr]iohf- spikodet^ (Fi^a* 2) made their appearaneo. 

4. The presefiee of a thresimhi liirht value for the prodiietion of $nv\\ abnrjruialitie.^ is indicated 
l»y the fact tliar a phorodudiictive pto'iod of 1’2 to 20 days of eontiiiuoiiN illumination is necessary 
for prorliieim; thenu 

5. It is po^tidatcfl that such (listiirl>aiices in the symmetry of ^crowth and di^velopraenfc are 
brought abom by cha rcies in rim crmcetitration of rtMiiilatory substances in grooving points iincler 
the influence of an altered photo-period, differential response being given by different, genotypes. 
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(With Plates XXV and XXVi) 

T he detailed ia\e.stigation.s on Orifptostegui gmndifiom were undertaken at the instance of the 
Department of Supply. A search of the literature showed that Junielle [1913] had found 2 
per cent of rubber of inferior quality while Doiiey [1925, 1927J discussed the commercial po.ssibilities 
of the plant and described the results of analysis of a sample of rublier. Polhaiuus [1934] mentioned 
the rubber content of leaves of the four species while analytical data of solid rubber and vulcanisa- 
tion tests were given by Trumbull [1942]. This little information gave no guidance for the formub- 
tion or development of methods for the production of rubber from the plant. 
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A plai) for obtairiiiig iiibber by and indirect rnctlio<is Mas |)re])ar(i{. The former con* 

sistdl of a tapping programme \chile tlie latter incJiidcf] pnKluctim) f>j' rubijcr liy mechanical extrac- 
tion or bactej‘ial decomposition t>r fermentation of the material. The results obtained 

under the latter M'ere embodied in Parts III and V of this series while those of the former wf‘re des- 
cribed partly in Parts 1 and II and are partly given in this investigation as well. 

Tapping or method for the eolleetion of latex from laticiferous plants is very old. ‘ Of the vari- 
ous methods of tap])ing rubber trees, that which with a similar amount of work, yields the greatest 
amount of good rubber over a longer period of time and which daniages the tree the least (so that 
plantation will rcTnain productive tin? greatest ])ossible length of time) is in general to be designated 
as tlie most rational ' [1934]. In //cwf the latex use<l to be drawn by the herring boim, the repeated 
‘ V ' and tlie s])iral cuts, hut mm these methods have been abondoned and the form, of cut most 
generally used ('(Uisists of a liori/mital or incline<l cut from h'ft to riglit in the bark and the latex 
slowly cozes out and trickles <lown into a cup placed below (Plate XXVf, figs. 1 and 2). In the case 
, Cnjptosftyia the bark tapping method is not possii>le owing to the small girth of an irregular and 
corrugated trunk of even 30-40 years old plants and also to the fact that on injuring the bark of the 
trunk only very tiny dro])ets of latex come out and the How of latex occurs at active centres of growth 
(Plate XXV, figs. 1 and 2) show llecen trees and Cnjpfosffy/a shnd)s. 

A micrcisc.opic study of laticiferous plaijts has revealed tliat the latex occurs in cells, tubes and 
vessels. Tlie cells are not inten-oDnected and the latex flows from tliern w4ien tliey are opened by 
a cut and s<i plants with <‘e!Js cannot l>c tapped like those provided with tubes and vessels. In plants 
with tnbew 0 )},] vessels the laticiferous system forms a net ^vork of (diannels which run through the 
body of the plant and yie]<] a large quantity of latex when cut. A study of longitudinal sections 
of Cryplosfrrjin iuu.1 Reveu (Plate XXV, figs. 3 and 4) rev^ealefl that in the latter the latex vessels which 
form a net w^f»rk of cliannels ai'c r*onfined mostly to tlie (niter and inner bark of the stem wiiile in the 
former they are branched and are distributed in the cortex in the secondary phloem and in the pith. 
There are relatively more ceils in the pith than in tlie l>ark and therefore tapping is best done by 
the clipping of the branches rather than incising the l)ark as in the case of Heoea. 

.Every part of ('rypfostfegla yields latex but its flow^ is more from tender twigs of the size of an. 
ordinary pejicil than from the old ones, pods, leaves, or trunk. On bleeding a tender whip the latex 
drips for about two minutes yielding 6-12 drops for the first cut (S-O drops in old twigs and green 
seed pods) but further four cuts in succession gave 4, 4, 2 and 1 drop respectively (old twdgs none, 
seed pods 2 and 1). Subsequent clipping gave no mure drop.s due to tlie thickening of latex and 
its coagulation at the cut end. This coagulated latex after drying forms a plug. When the plug 
is pulled out a drop or two of latex oozes out but better flow occurs when a bit about an inch is nipped 
off. It was also observed that from the growdng point of a whip at a height of 27 ft. of a four years 
old plant which had the support of a w'all only 2 drops of latex were obtained in two minutes and a 
half slid none on subsequent clipping of the same whip. 

For the collection of latex 3 or 4 twigs are clipped off by a pruning scissors. They are thrust 
into the mouth of the test tube and latex collects in it (Plate XXVI, fig. 3). Bamboo tubes six inches 
in length with an internal bore of one inch were later substituted for glass tubes (Plate XXVI, 
fig. 4) which even if it were possible to avoid breakages, become too hot in sunmer and too cold 
in winter. They are easy to handle and non- breakable but the difficulty of cleaning them may be 
considered a defect. Further they are liable to split with changes in temperature and humidity, 
but that can be prevented by binding them with wire. 

Employing the foregoing technique experiments were undertaken to ascertain (a) the best part 
of t!Te day suitable for tapping, (6) effect of tapping on regeneration and growth of shoots, (c) the 
effect of frequency of tapping, and (d) seasonal variations affecting the yield of latex. The foliow^- 
ing conclusions w^ere drawn : 

(a) The best part of the day suitable for tapping. When different bushes are tapped either daily 
or on alternative days, the yields of both latex and rubber are more from the afternoon than from 
the morning tappings. If, however, the same bushes are continuously tapped even on alternate 
days, the yields are more from the morning tappings. 







^ A / 


... 

,/->r 



If/' 


Fia, 4. Tapping of latex in Cryptostegia 
in bamboo tubes 


Pig. 3. Tapping of latex in Oryptostegia 
in glass tubes 
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ibj EffGi oj i Nil pi (fu mp'm‘mtinh fan! prnif1l( pf skaui>i. Tin* (*.Kprf!B!4'?d> t'ondu<*t *‘<1 hy roB 
Bot^aiy Division of this rvvnalnd that, urnler au}' systeii! of tap|>iuti !''*'itait‘ratiofi is i|ui<‘k 

aji.<i that tlioro is no snrioU'^ inhcrsn efiVrt fai mupran'atiofi althoinjh tin* t.t*inlnin*y G for th^ liiitaf^pn'l 
ruruior to <ipvnlo[» more sprouts tfjau the tapped one. Fnrtfier, of plants priaied at E in,. U in,, 12 in. 
and in. levels above the round, those pruiK^l at the 12 in. hnel are fjeton* a> n^iinnU reitron^th 
and. the tunnlser of the wfiips fonned and pruning away noinwiiif) branehe.N dot*s not' show any iul- 
vanta^e so far as onnUli of whijts is eoiu'enied. The pninine' of whifrs (when they attain, it reas».>n- 
lible sta^ue of inaturitv) at about b nodes from their oriiism a laruer number of wliips for plants 
than the unpruiied (*oritrol.s. 

(e) Effrrt of j)'vqnviii'}j of tap pi ikj oa ike jfield of faiej tnai eahher. I’he thiol system of tapping; 
is e(‘<momiea] from view points of yield, labour and strain to the [)iant.. 

(dj Sea.staatl I'arlaiioa.^ affn'liatjifirijiebl of late, t\ The plantatioii t)i i^ypphishpai at Okhiu {DelhB 
wa.s divided int<» a number of bloeks and the work was done under the <uper\isiou of th«* Kuihjer 
DiiVa'torate of the Supf>iv Department. 

Mixed ta]>pi7i.H programme (alternate and third day) was started of Ijloeks I ami 12 on the 22}id 
April. 1943, and was eontimied till i7th July and oJi the following day pun^iy alternate dailv taj^ping 
was started of fresli bloeks 2 and D) wlueh wa.s eontiiuied till about the middle of June. 1911. in 
March 1944, tw'o more blocks (12 new, I new) were brought under this tapping. Dn the other liami, 
tliird daily tapping of bloeks 3 and 4, 5 and 0 and 9 and jl eomnieneed in the s<*r'ond week of Novem- 
ber, 1943. and in April, 1944 was supplemented by bloeks A. U and i\ Tlius the two systems of 
tapping was commenced in a number of blocks in different seasons of the year svitli a view to fiivling 
out the effects of seasonal variations ami other physical fae.tors on the yield of latex, ruhbe , and 
plugs. 

For seasonal changes the following dates liave been a.ssumed. Huimuer loth April-1 4th June, 
rainv seasoij 15th June- 14 th August, autumn* 15th August-Htli Ocgolan*. winter loth October- 1 4th 
February and spring 15th February- 14th April. If only tw'o seasons. sumni(‘r and winter are reckon- 
ed in one year the former w<mld range froiii lotli April to ilth Oc.tolier and the latter fr(»m I5th 
October to I4th April. The average yield of l>lo<*ks for one month of the two systems, <luring variou.s 
seasons are given in Table T. 

The averages of tapping data in Tables I and fl are (.'alculuta^d from the observations recorded 
at Okhia by Capt E. P. Hosken while dry rubber content (D. U. (b) percentages were determined 
in the Chemistry Division of the Imperial Agricultural Research Institute. 


TABi.E 1 

Average yield for one 'month per WOO vboot:^ o/‘Cryptostegia 

• Vit»kl j ter UHH> sshoof.'’ | j 


AveraK<? yie!<l fttr one month diiriut* 


D.li.C. XtiimM! 

I - ftltH-k 




Fui! suminer ineiuiUn^* ntiny seaMm and 
autumn (loth Ar»ril Hth October). 

Full whiter including spring {l.")th Octoi>er — 
Util April). 

Ditto 

Summer (ioth April-~l4tii Juini) 

Ditto 

i>Uto 


• X Ditto 

Rainy .season ( i r>th J une - 1 4f h Augu-t i 
>- Aiitnmn (loth Aim' list - 14rh October) 

\ Winter (15tii (>cioi>er - 1 +Ui Kehruary) 
Ditto 


Spring (loth October— 14fch February) 
Ditto 
Ditto 
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Dr 4 

o-s 

J4P-4 

. I2d; 

<3-2 

127dJ 

(5-a 

1 P:J 

1 iPd) 

4-r» 

2d-0 

iiJd'P 

B<i 

7-1 


adi 

IS-;) 

i\iy‘A 

(3-4 

P'H 

14i‘7 

o-s 

0-9 

log ’4 

' 3 4-7 

8-:i 

I4:ir. 

11-4 

4-8 

I.8S-7 

Xd'H 

12-6 



22-8 

10(5-4 

14-9 

8-7 


t .'iijtl t:i 
g ami io 
•J and 10 

:j, 4, ."i. a. 0 
: and II 
aud 10 
! and 11’ nrvv 
H Hiid b 
and tj. 
h and I i 


-Mi.vc’d aifcrnatii' daily 

Ahcnuitu daily 

Tiiird daily 

Alter June d-oly 
Ditr.i 
Dir to 


5-2 

A, b, <* 

Dilru 

2-*.» 

2 and io '■ 

.\lt'»rnjU'c djiily 

4-^ 

2 and 10 

. Uit.to 

7-»f 

2 and Dj 

Ditto 

K.p 

2 and 4. 

5 and fi. 

, Ditto 


. P ana 1.1 

Third daily 

!5-,» 

2 and lo 

Aiternute daiiy 

4-6 



y-1 

2 and 4, 

5 ami 6, 

iJirto 


0 and 1 1 

Third <4aliy 



Fiobi t?lie it would appear tliat winter nioJitlis are better prodiieert:; of latex 

and robber tlian the suninier and in winter the spring shows the maxiinnm yield. The rainy season 
gives a diluted latex w'ith a ininiimnii D. K. C, while the yield during summer ami autumn montLs 
reunains more or less unifornj. For the forma thm of plugs, however, summer should be regarded 
as the best season, Tiio third daily tapping is preferable to the alternate daily from ohe view points 
id lietter yi<*ld of rubber from latex and more rest to the plant and if a successful tapping programme 
is to 1)e started it ^houM be v-arried out during winter months which could be extended further, but 
ilie rainy season should ahvays be excliided to avoid low yield and iiimecessary labour. 

awl tnaki' ittuytsooh. The effect of dilution on latex is more peiu'eptible during summer 
numsoon than in the winter inonsoon becatise in the latter rase it consists of a couple of light showTi s 
doring cold months whi('h are not enough to change the normal f?ourse of the yield of latex, etc. 

Mbhu/. The velocity of wind and its direction do not* appear to have any effect on the yield of 
latex and rubber. 

HamiiUty. No generalizations can be put forward ovith regard to humidity in relation to the 
yield of latex, etc. During July, August and September, Immidity variations of 100-39, 91-7(^ 
98-50 (monthly averages*-- 77, 82*9 and 84*9) respectively were observed and the latex had a poor 
rubber content (3*89, 3*23, 3*54 respectively), ^vhi}e in Jani^ February and ’Jlarcli tliere were the 
same ffuctuations of humidity ]00-54, 100 A8, and 9143 (rnoiwiil^v average of 77*9, 72*1 and 63*6 
respectively), but the latex had a taiiiy high D. K. C. (8*15, 8*24, 8*41 respet;tive]y). It may be said, 
hotvever, that humidity ranging between 30-60 during winter nu^ntlis along with low' temperatiu'es, 
exercises a certain effect on the production of latex in the j>]ant while a still low humidity of siiiomer 
months is helpful in the formation and drying of plugs. 

Temperafure, hi Table II are given the average maximum tempeiatiires for the months and 
the yields of latex, etc.. The results show that during sinnmer as the temperature increases the 
D. K. C. decreases and with, a decrease of temperature especially during wuiiter montlrs there is a 
gradual increase of I). K. C. llius high temperature decreases tlie formation of ru]>ber in latex 
while a fall in temperatures raises it. On the other hand, the yield of rubber from ]jliigs increases 
with an increase in temperature and decreases as it falls. 0}i account of these reasons an equal 
quantity of rubber (rubber from latex and rubber from plugs) is produced b^ffh in tlie winter and in 
Bunimer. If winter favours the tapping progTamme the summer equalbc advocates the collection of 
plugs. 

Periods of defoliation and refohation, Jlowenng and fruiting. In general, defoliation starts 
towards the second oi’ third week of January and is practically complete by tlie end of February. 
Soon after defoliation or almost simultaneously witli it, small pinkish leaves and sprouts make their 
appearance and thereafter the growhli. is fairly raphl. It may incidentally be mentioned that at 
Okhla plantations of the bushes towards the canal bank started defolio tions and re- 
flations later than those away . from it and in the Botanical Division of this Institute it was 
observed that plants in a plot wJiich liad received considerable manuring and had, in consequence, 
put up a more luxuriant growlh defoliated much later and less severely than those in the other 
plots where the plants were poor in grow tli owing to a lesser degree of manuring. By the 
middle of April, the plants started flowering, but this flush did not result in setting up of follicles 
Next fl.ow6ring commenced during October and November and this time follicles did set which 
attained maturity by middle of March. The results of Table I show that the yield of latex and 
rubber, etc, is much more during the winter months than in the summer and goes on increasing 
with the commencement of winter till the close of tlie spring (15th 0ctober-14th April) and 
declines thereafter. Thus the periods of defoliation and refoliation, flow'ering and fruiting appear 
t(^ have effect on the yield of latex, etc. 

Yield of latex, rubber and plugs per acre per annum. The stateUient given in Table III is indica- 
of the yield of latex and rubber per acre per annum for alternate and third daily tappings. The 
rubber obtained from the two systems is 138^9 and 113*3 lb. respectively (from latex alone 69*9 
69*1 lb. respectively) for 10,000 bushes each with 25 tapable branches. The number of 
shoots vary according to the size and age of the plant, but 25 appears to be a reasonable average 
In one year old plants, howreveri 6-10 shoots will be available for tapping and the yield 
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should not be expected to exceed one quarter of that giTen abo^^e per acre per annum. The pres^ent 
investigation includes observations for one year and is indicative as to the probable vaiiatious oi 
the yield of latex and rubber. No final conclusion can be drawn at this stage about the yield of nifd)^r 
per acre and the reaction of the plant with regard to tapping ami to decide this, it is necessary to 
have at least five years data of the various tapping systems in different climatic conditions and m 
different localities of India. In view of the present observations about the yield of rubber froiu 
Cryptostegia the conclusion arrived at and reported earlier [1943] appears to be misleading. 


Tabes II 

Average maximum temperature and the yield 


Month 


Average 

Average 

In gm. on 1 ,000 shoots 

1 

Kame of 
block 

Svylcil! of 



max. temp. 

humidity 

Latex 

Bubber 

Flap 

tuppiujj; 

22 nd April to 
April, iy43. 

30th 

87*7 

33*3 

93-5 

7-2 

11*8 

'8*0 

1 and 12 

Mixed 

May 1943 


105-6 

24-4 

272*5 

11*5 

27*5 

4-2 

1 and 12 

Ditto 

J« lie 1943 


102-6 

45*4 

175*1 

6-5 

1 . 

* ■ 19*1 

3*8 

1 and 12 

Ditto 

July 18th. 




139*8 

3-3 

13*5 

3*2 

1 and 12 

Ditto 

July 3l8t 


93-9 

77-0 

109*7 

2-9 

7*4 

3*2 

2 and 10 

Alternate daily 

August . 


90-0 

82*0 ■ 

256-6 

7-8 

18*6 

8*5 

2 and 10 

Ditto 

Sept-enal>€r 


92*8 

84-6 

285*2 

13*4 

20-2 

6-2 

2 and 10 

Ditto 

October . 


94-0 

44*0 

328-2 

19-1 

20-2 

6*4 

2 and 10 

Ditto 

Novemt>er 


85-7 

44-1. 

306*1 

80*6 

17*3 

6*9 

2 and 10 

Ditto 

Bovember 


86-7 

44*1 

300*1 

22-9 

8-3 

7*9 

3 and 4, 

Third daily 









5 and 6, 










9 and 11 


Becember 


77-3 

62*8 

372*1 

29*1 

10*1 

8-2 

2 and 10 

Alterxiate daily 

I)ecMnl)er 


77*3 

62*8 

461*1 

26-9 

18*1 

8-7 

3 and 4, 

Third daily 









6 and 6, 










9 and 11 


JauuAry , 


68*7 

77*8 

462-6 

87*9 

16-0 

I 

! 8-2 

2 and 10 

Alternate daily 

January . 


68*7 

77-8 

526*2 ; 

42*9 

[ 18-8 

8-6 

8 and 4, 

'Third' dally 









6 and 6, 




■ 






9 and 11 


Ffebruary 


74-4 

72-1 

437*7 

S6-9 

22-0 

8*4 

2 and 10 

Alternate daily."' 

February 


, 74-4- 

, 

' . . 72*1 , 

526-2 

42-0 

18*8 

8-6 

3 and 4, 

Third' daily'.;,.'"..". 









5 and 6, 










9 and 11 


March 

• 

80-3 

63*6 

347*6 

«4*7 

24*8 

10-4 

2 and 10 

Alternate daily 

March , * 

' ' 

80-3 

63*6 

499*4 

48*9 

24*9 

10-7 

3 and 4f 

Third daily 









5 and 6, 










9 and 11 


April « 

‘ 

94*8 

46*9 

858*7 

80*8 

S5*r 

9-2 

2 and 10 

Alternate daily 

April 


94-6 

46*9 

430*9 

;S7*5 

82*4 

6-8 

3 and 4, 

5 and 6, 

9 and 11 

Third daily 

May 


108 

27-0 

511*6 

80*0 

27*4 

6-1 

2 and 10 

Alternate daily 

May 


108 

27 0 

641*0 

41*8 

88*1 

6*6 

3 and 4, 

5 and 6, 

9 and 11 

Third daily 
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Table III 

Yield of latex, rubber afd plugs per^acre 


Alternate daily 


(In gm.) 
5‘61 


(In gm.) 
8-30 


286SC0 

or 

632-27 

632-27 


14625 

or 

32-24 

69-5 


9300 , 

©r in Ib. 
20-50 
43-8 


Averago yield for 1 month for 1,000 plants with 1 Upable 
■i-h 1,000 plants with 1 tapaWe shoot 

Til'ld fur ix nif'iiths for 10,000 plants with 1 taimblc shoot 
7 ie W for ix^mouths t>f 1 0,000 plants with 25 tapable shoots 
plugs for six months during 
Ucl'ui I’irM and rubber for six months per acre 

Avenige yield for 1 month for 1,000 plants with 1 tapable 
TieUi fo^ six months for 1,000 plants with 1 tapable shoot 
"yield h)r niouths for 10,000 plants with 1 tapable shoot 

yieW for six months for 10,000 plants with 25 tapable shoot 
during winter per acre 

Total yield of latex, rubber and plugs for six months per 

•IhtSVieki^onalex^nd rubber jier acre per annum (in lb.) 
Average yield of latex and rubber from the two systems 
(in lb.) 


of rubber. If it is assumed that one man can collect one pound of latex in a 
.l.v «na Stffor his daily wages annas twelve only then the total expeBditure for the col ection of 
S l“tS?™ulS — 1« K.. 735 which would give a retam of 126-Ub of mbber This would 
mean a cost of Es 6-8 per lb. (8 shillings 6 pence when Es. 13 are equivalent "to £1). But according 
S me war wages would be redlced to one third, i.e. it would come to Es. M3 or 3 shillings 

per^lb. This amount does not include any expenditure required for raising and maintaining 0^ 
Limia bushes and for coagulation of latex. This cost per pound when compared vuth that of Heim 
rub4r would appear to be exhorbitant and unless the yield of latex and rubber of Cryptostegm gmU^- 
ilora is raised by systematic and scientific cultural investigations Crypiostegm may not be able to 
clpSe vdth Lea as a normal source of vegetable rubber. 
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PHYSJCIAJ^ AND OHI^MICAL PROPEETIES OF INDIAN HONEY 



Average of 12 Average of 6 
Coorg (Indian) Indian honey 
honey sample's samples 


Californian 

honeys 


European 

honeys 


By S. Das, D.S<‘., Assistant Agricnltural Chemist, and N. M. Bosk,’*' M.Bc., Assistant Chemist (Food 
Products), Imperial Agricultural Research Institute. New Delhi 
(Received for pablicatioa ori 22 February 1946) 

H oney is defined as the nectar and saccharine exudation of plants gathered, modified and storetl 
in the comb of the honey bees. Besides water, the essential constituents of honey are dextrose, 
levulose and sucrose in small amounts together with lesser quantities of mineral matter, porteins, 
wax, pollen, and sometimes mannitol and dextrins, and nearly always appreciable amounts of various 
organic acids. Tlie flavour of honey varies considerably according to its source. According to 
western standards genuine honey should contain not more than 25 per cent of water, 0*25 per cent 
of ash, and 8 per cent of sucrose. Its specific gravity should not be less than 1412 and its weight 
not less than 11 lb. 12 oz* per standard gallon of 231 cubic inches at (>8^F. It should contain dextrose 
and levulose in about equal proportions and be tevorotatory. Honey of troniferoiis origin, however, 
gives genuine dextrorotatory samples. 

In India honey is mostly used for medicinal purposes and although collected under the most 
natural conditions, scientific and hygienic methods are not often employed for the purpose. Nor 
apiculture as a profitable adjunct to general agriculture and horticulture is extensively attended to. 
With the prospect of honey being used as a table-food, it is now, however, receiving greater attention 
from the Government, and honey may soon prove an important commodity in the commercial 
channels of trade in this country. In consec|uence, it is essential to decide upon a limit of different 
constituents, so that a suitable standard may be maintained for the composition of honey sold in 
the market. With this end in view, the present investigation was undertaken. 

Studies by different workers [Browne, 1908; Daji and Kibe, 1940; Eckert and Allinger, 1939 ; 
Fraps, 1921 ; Giri. 1938 : Neiifeld, 1907 ; and Schuette and Eeiny, 1932] have shown that there is 
a good deal of variation in the physical and chemical properties of honey which will be evident on a 
reference to the data in Table I, collated from the work of different investigators both in India and 

Table I 

Average cmnposMm InMan and foreign honeys 


Xeiaeld(l9ur) Browne (LOOS) Giri(l0;]8) 


r>a:i and Bo»e ( 104<D 


Percentage of constituentis 


Moisst'Ure .... 

Specific gcavit-y at 15'^C. 

A>h .... 

Aridity as percentage of 
formic acid. 

Reducing sugars 

Sucrose .... 

Levulose .... 

Dextrose . 


(S*30-;J;3*59) 

(O-oi-il-GS) 

(0-d:j-0-21) 

(49-o9-93*96) 

(O'ld-10-12) 


Average of 100 
IJ.S.A. honey 
samples 


.I 7 v )9 

{l2*42-2d'8S) 


0'2;i 

(u*o:lo-90) 

0- 09 

(0-U4-0-25) 

7(>r>9 

{.Y.V61-70-86) 

1- 98 

(0-1 (POD 
40-r)0 


honey samples 


19-16 

(16-20-22-14) 


0-21 

<0-02-1-14) 

0-16 

(0-U7-04r») 

77-.58 


.ecglose l 


O-JO 

(0-04-046) 

0-11 

(0 •06-0-29) 
74-98 

(72-70-78-70) 

1*10 

{0-29-1 -04) , 
39-30 

(36-80-40-50) 

35-68 

(34-2-39*2) 

X'tO 

(I *00-1-18) 


20-10 

<15-88-24*22) 


- 0-58 
(0-21-1-06) 
0-21 

(0-13-0-30) 

65-21 

(.59-95-71-45) 

1-89 

(o-ar-o-^s) 

36-98 

(30-03-44-07) 

28-23 

(22-92-34-20) 

1-35 

{()-89-l-92) 


Average of 61 

Average of 6 

Indian honey , 

foreign honey 

samples . 

1 samples 

19-19 

15-22 

(14-17-28-67) 

(14-31-16*39) 

1-404 

1*427 

(1-304-1-441) 

(1-417-1-433) 

0-29 

0-U 

{0-03-1-21) 

(a-06-0-l«) 

0-10 

0-U 

(O-Ofj-0-32) 

(O-07-U*15> 

70-78 

71-37 

(63-39.76-33) 

(70-44-73-88) 

1-66 

0-61 

(0-5-07? 

(0-1-42) 

37-9.5 

36-r>8 

(32*75-42-47) 

(34-34-40-76) 

.r - 1 


r29-94-3i)-04^ 

1-07 

(0-88-l*iJ‘0 


I (0'99-9-70) j .. j , j j (0-6-54) j .. | 

N,B . — The figures in brackets indicates the range of percentage variation of different constituents of honey 

* Appointed at this Institute for the work with the funds provided by the Agx’icultiiral Marketing Adviser to the 
Government of India ^ 
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Besides colour an<] llavonr granulation was also noted. 

Bimtaiic'adiinty. I'en cubic centimeters of honey solution (1:2) mixed with 1 c.c. of 1 per cent 
^rch solution were digested at 4:5°C. for an hour. The solution giving olive green or brown colora- 
imn with iodine solution indicated positive diastatic activity, whereas blue colour meant negative 
activity. 

fieMs Test Ten cubic centimeters of honey solution (1 : 1) were extracted with 5 c.c. of sul- 
phuric ether- Of the clear ether extract 2 c.c. were treated with a large drop- of a recently prepared 
1 per cent resoreinoi solution in hydrochloric acid (sp. gr. 1 T8 to 1T9). No coloration of even yellow 
to shades indicated the absence of commercial invert sugar, whereas a cherry-red colour 

■ h minute indicated the presence of commercial sugar. It has been reported that 
e of invert sugar eommereially, the invert sugar produced is contaminated with a 
'urfurpl or its derivatives. The detection of these substances forms the basis of 
pf.commeicial invert sugar in honey. 

lis was determined by drying a known weight of the sample at 70°C. under vacuum 
Tim determined by means of a specific gravity bottle fitted with 
with, sufficient wate was titrated with, N/10 
These, were estimated yplumetrically using Soxhlet’s modification ' of 


a theroiuometiT. 

Acidity. A kn 
NaOH solution, usi 
Total feduciug 
Fehling’s solution. 


to Govenuaent of India to whom our 


* These samples were coll 
thanks are due >: 


i&brcmd. The cl^ta obtained by the preaeiit authors with Imliaii aiul foreign honeys and discussed 
later in this paper are also given for comparison. . , ^ ■, , 

Thus, the setting up of standards for pure honey oii a vrell-defined, basis of difTerent component 
is rather <lif!ieult. .A rea.sonaide limit may, however, he fixed up fur practifud purposes. In order 
therehue to find out sueh limits for the important components of Indian honey it wa.s considered 
necessarv to collect samples of genuine honeyTrom all over iudia at different seasons for examina- 
tion. 

The nemplfH of hifocif aeafysed. Sixty-seven samples of honoy’^ were analysed for the present 
in.'iulrv. Of these, 01 samples w’ere obtained from such diverse places in India as Jammu and 
Kasiimir. the NortloWhsst Frontier Province, Punja]>, Uellu, the Tnited jh;ovinees. the C.'entral 
Frovim^es. Bombay, huorg, Aladras, Mysore, and .issani. The samples were collected at different 
seasons from 1940 t(» ]9i:h .Most of tlie samples w^re either extracted or 8(jueezed honey and sealed 
in tins or glass jars. A few samples which were received with honey-emnb w'ere squeezed out by 
means of linen before they weie submitted to analysis. 

Six sainples of foreign honey from the Unite(i States, Australia, New Zealand, and England arS 
sold in the local market were also obtained for comparison with the Indian samples. 

. Expebimektal 

The following components of honey were determineil, for which the methods of analysis followed 
were those of A.O.A.CA f 1940 ]. For easy reference they an^ briefly described below : 

Colour. The tint of honey samples w-as compared in a one-inch ('ell of the Lovibohd Tintometer 
with the coloured glass slide of>tained from the British Bee Keepers' Asso('iation. The samples 
which compared more or less with the light-coloured side of the glass slide were termed ' Light 
Amber ' and those which compared with the dark .side were termed ‘ Deep Amber Intermediate 
tint was rioted as ” ,\mber’. Some samples were lighter than the light-coloured side of the glass 
slide and were termed ‘ Bxti'a Ught Amher h whereas those which were darker than the deeper 
shade- of the slide were termed * Dark h 

Flavour. It is rather difficult to describe or measure the fiavoiir of honey adequately, because 
of the variation in the preferences of different individuals. The samples which gave characteristic 
havour of honey were termed ' Aromatic while those which had cooked or charred smell, were 
termed ^ Smoky ' or ' Charred h The samples which had no such smell as above were described a.s 
having ‘ Nil ’ flavour. 
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Tfiia wa.a calculated froiu the reducing Uddre and after iuvemif^n. 

Lti)ui6m\ it was deterutined from cOEBtairt }K>larimetric readiii^ZB at- "lifil aiai H7%\ 

Dextroac. The airount <4* dextrose was ohtamed by subtracting the auuMuif of levulose from 
that of total retiueitiu su^ar b'efore ifivemiou. 

Aali, A known weight < a' honey was i^uited in a woigiied platinum basin at a tc!n[><‘ratiire not 
above dull nalness until whit** ash was obtaiiierl. 


PnU>SKNTATK^N OF KESI LIS 

Tile maximum and niinimu?u us well as the mean values of the various ronstituerUs of Imnev’^ 
collected fr(>m the diffennjt i‘(‘.^dous of hidia and abroad are sliowu in Table fl. From rei^ions like 
Delhi, the Central Proviiua's, Bombay, Assam, and the North-West Frontier Province the nund^er of 
samples were rather snud! for the purpose of grade specifications. 


DlSCUHh^'tON OF RESULTS 

Coloiii\ Tlic colour of h<jney ranged from extra light amber to very dark and could be observed 
only in a general way in the absence of F fund colour grader {UM. Dept, Agrl, Cii\ No. 24, 1933). 
It is well known that the colour of honey darkens on storage. In spite of lotig storage, however, 
certain samples maintained excellent colour, whereas others turned deep ami.)Gr, or very dark. There 
was apparently no correlation between total ash content and coloui'. 

It is probable that salts siu^h HkS those of iron. copf>er, and manganese may a('count far the shades 
of colour. In fact, it was observed that the honey samjdes having <leej) c'idour always yielded either 
^ brownish or greenish ash contaiTung apprecdable ainoiints of iron, cc^pper, and manganese, whereas 
the ashes obtained from light-coloured honey samples were always snow-white and Imd coruiparatively 
little of these elements. This is supported by the observations of ^(‘lumtte and Hcrny [ 1932 J. Ciri 
[ 1938 ], and Daji and Kibe [ 1940 ] who have shown that there is a relationship between the <legree 
of pigmentation and the (|uantity of mineral matter, notably mangansc and copfan*. present in honey. 

Flavour, The -exact nature of the substances causing flavour is not fu% understood. The 
flavour of the majority of samples was typical of honey. In sotuv cases, the flavour was not ammatic. 
It is very likely that the smell of flowers from which the nectar is collec'ted has some influence on 
flavour in honey, but when tlie nectar ivS collected from x^arious kinds of flowejvs. flavour may be an 
integration of these aroma, 

Diastatic acilvily. Honey, if not heated to a temperature more than 5UdA, exiubits diastatie 
1 activity. Here, out of ()7 samples. 5o possessed this j)ropertv and Pi sjimpies failed to show this, 
^ tiie reason for which is not (dearly understood. 

Fiehes Test No samples gave {)ositive reaction with Fie he's reagent, indicating the absence of 
commercial invert sugar in them. 

Moislure, The moisture in the Indian honey samples analysed ranged from 14*17 ta 23*67 per 
cent and the average of all the Indian samples came to 19*19 per cent ; 24 out of 61 Indian samples 
contained more than 20 per cent of moisture. 

Well-matured honey from capped combs generally contains abotit 10 per (‘ent of moisture. If 
it is, however, ill-matured or exposed to humid weather, the moisture content may go up. On the 
contrary, if the place is dry, the moisture content may go down as well. As for instance, tlie average- 
of three honey samples from Delhi which is a dry place, was 14*39 per cent, none exeavillng 14*5.3, 
wdiereas the average of three honey sarnples frotn Assam which is a wet area, was 27*12 per cent, none 
^ falling below 25*09 per cent. / 

Honey, if allowed to contain more than 20 per cent of moisture, suffers from a serious drawback. 
It is then susceptible to fermentation by sugar-iolerant yeasts and bacteria. Utmost ^.are must, 
therefore, be taken, -while gathering honey Pto guard against its undue exposure to. air, especially in 
humid regions. , 
















IV] 


*AN1,) PEO.PERTIES OF LWiAK HONEY 


409 



Honey with less tha 20 per cent of moisture is lessjnconvenient for table use, whereas samf)les 
with 20 to 25 per cent of moisture will spread quickly on bread. If 20 per cent is fixed as the upper 
Hmit of moisture, many honey samples will be left out. Therefore, 22 per cent seems to be convenient 
as the upper limit of moisture at present when scientific methods are rarely used for gathering honey. 

DenniUj, Density of all Indian honey samples varied from 1-304 to 1-441 ao<l the average was 
,'■1404. ■ ■ :■.: ‘ ■ 

Andity, Acidity, expressed as fomiic acid, varied from 0*05 to 0*32 per cent and the average 
was 0*10. " 

Toial mbmiuj These varic^d widely from 63*89 to 76-33 per cent and the average worked 

out to be 70*78 per cent. 

Lemkhse and dextrose. Levulose varied from 32*75 to 42*47 per cent and the mean was 37*95 
per cent, whereas dextrose varied from 25-14 to 37*99 per cent and the mean was 32*82 per cent. 

As in the case of reducing sugars, levulose : dextrose ratio varied from 0*89 to as high as 1*54 am! 
the mean was 1*16. In most cases, however, the ratio w^as near about 1*1. 

Granulation. An increase of the levulose content, expressed as levulose: dextrose ratio, tends 
to retard granulation, as has been noted by Browne [ 1908 ], and Eckert and Allinger [ 1939 ]. Thus 
levulose ; dextrose ratio less than unity facilitates the formation of granulation in many cases. Out 
of the six cases with levulose: dextrose ratio less than 1-0, two samples showed no tendency to 
granulation, whereas some crystalline honey samples showed this ratio to be 1*0 and its near approxi- 
mation. It should, however, be noted that the honey samples with high levulose : dextrose ratio 
wer4*always in the liquid state. Samples from Coorg appeared to be particularly crystalline. Giri ^ 
[ 1938 ] also made similar observations. Local conditions and flora, etc. may have some influence 
■, on granulation. , 

Sucrose. Sucrose varied from nil to 5*07 per cent and the mean was 1*66 per cent. The sucrose 
content of the samples analysed here is rather low, much lower than the limit of 8 per cent adopted 
•for honeys in America. If 5 per cent is kept as the limit of sucrose, it is very likely to cover almost 
all Indian honeys. 

Ask. Ash varied within a wide range from 0*03 to 1-21 per cent. Many of the saXnples exceeded 

the legal limit of 0*25 per cent allowed for honeys in America. : 

A few samples had very high ash contents. Of these, one sample was known to be gathered 
from honey dew. Taking most of the other samples, more or less free from contamination, it is pro- 
poS3d to fix 0*75 per cent as the upper limit of ash. * 

From Table II it is evident that the variation and the mean of different components of Indian 
honey samples compare favourably with those of the foreign samples with but a few slight exceptions 
in the case of samples collected from extremely dry and wet places. 

From the results of analysis it is obvious that the fixation of grade specifications is not so easy 
for honey as in the case of the other agricultural produce [ 1937 ]. It is, however, possible to set up 
certain reasonable limits for some of the mkjor components of honey as follows ; 

^ 1, Colour should be within the range from extra light amber to deep amber. 

2. Flavour should be characteristic of honey. ♦ 

3. Honey should possess diastatic activity. 

4. Honey should give negative reaction with Fiehe’s reagents. 

5. Honey should not contain more than 22 per cent of moisture. 

6. Specific gravity at 15°G. should not be less than 1-350. 

7. Honey should not contain' more than 5 per cent of sucrose. 

8. Honey should not have more than 0*75 per cent of ash. 

9. Acidity of honey in terms of formic acid should not exceed 0-30 per cent. 

The composition of honey has thus been showm to vary somewhat with the place of origin from 
which it has been collected. This may necessitate a certain amount of flexibility in the spe(fifica- 
tion. For this purpose the values given in Table II may be referred to if the place of collection of 
honey is known. 
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"-SUMMAEV 

Htudies with B7 siuuples of honey, of wliieh 01 sam|)h‘s were ef>llpek‘(l [Voin (litTcreiit p;nts of' 
India at difTerenr seiusons, show that they differ considerahiy so far as their physical and clh:uuii‘a1 
properties are (anieerned. Si.v samples were obtained from ionn^ri countries. 

The analysis of all tlie ludian samples iinlicated the following* as'eraue (‘Oiuf)onents iu percentages 
of the total r'innisrute IfMO ; specific gravity at 15TA i.*4U4 : aehlity in terms of fortuie acid 0*10 ; 
t<jtai reducing sugars 70*78 ; sucrose 1*60 ; Icto lose 37*95 ; dextrose 32*8*2 ; Icvulose : ?iextrost* ratio 
ME: aiul ash 0*29. 

The variation and the mean of diffeitmt coniponents of Indian lioik^y cojnpare- favourably witi; 
those of the foreign samples, i iulkni ting the gTOiimenes the hotiey samples examined both here ir< 
India and abroad. 

Attempts Iiave been made to set up certain reasonable limits regarding tlu‘ physical and chemical 
properties oflioney samples on a regional as well as on all-India basis, thus suggesting giade specifica- 
tions for 11 regions and India as a whole. 
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TAMARIND-SEED PECTIN 



By T. P. Ghose (Kctired) and S. Krishna, Forest Kesearch Institute, Dehra Dun 
(Received for publication on 3 June 1946) 

IN a recent issue of this journal^ Eajnaram and Dutt- '[ 1945 ] have stated that tamarind-seed 
Ikerneb contain starch, and not pectin as reported by ms [Ghose and Krishna, 1942], The 
author,^ have drawn this conclusion from experiments w'hich, to say the least, are elementary and 
do not stand any critical scrutiny. Since the seeds do not contain any stai‘ch, it is necessary to 
correct the wrong impression which their report might convey, particularly at a time like the present,, 
wdien the country is threatened with a serious famine. The claim that the seeds contain starch to 
an exttnt of 65 per cent mig^.it mislead the public to using the kernels as food in place of cereafe, 
especially when four million maunds of these are availale annually in Indian It is true that in times, 
of scarcity people in South India have resorted to eating the kernels, but there are no data to show 
what effect they had on the people, nor are we aw'are of any scientific investigations on the nutri' 
ti(,>nal value of the seeds. In the absence of information on these aspects, it would be unwise to 
suggest that they offer ^ a very important staple food comparing favourably in food value with 
wheat and make h To recommend the use of the pectin in the manufacture of jams and jellies is 
a f (ifferent matter, since in these forms only small quantities (1/10'oz. of pectin will yield about 8 oz„ 
of jelly) will be consumed. ' * 

The tamarind-seed product sets to a .firm jelly in the presence ofi appropriate ainoimts of sugar 
and acid, and, in fact, it forms atmh firm jellies that a sample prepared in 1942 is still standing without 
much loss of strength. Though feet has been brought to the notice of Dr Dutt (one of the 
aothois) through private communication, he does not hesitate to make a mis-statement that the 
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if*iiir*s reiiiiiiii liriM for n hiinitb only, Fiirth^r. "h^ hriii|]?s tliis ms a Hypfxal t»‘i his roiitenfioii lhai the 
y!ntln<i is a stareli. It, if> wall kiiuwi] that stateln-'S. as a rah*. <lo Ja^t lonn (irii'i 
Hi]d<*r tlia saai'^ -'('lalirions as peetiiis do. 

TlHiuiih 'fhtjijjradii aial DutT- ]>apoi’ is dateil 28 l\Iaroh. 1!M5. it has boao inada publir in .May 
MMTf tliriJUL'Ij tli<* Anyu>t. 11)15. uf this journal. Durinii this notes oa the 

r’li<^‘ijiisrry of taiiu'-riial mmmI pi-odia t liave appeared from two sets oi* workers, besides oursi'lvos j Ghose 
and Kri-^liVj;o I'.Mo: Xaoji. Haviir an<l Sreenivnsan. 1945: Damodanin and Ranpiehaj'i. 1943; 
8avi!r and Sroei iva-ai;. llGti I. aoMl noru* *dlthem has daimed the material to be a stareh. 'Fhev are 
all agreed that tin* pt't'lin in the tamarim^-seed kernel is not- of tlie sanit* tdas> as iliat 4)bt‘a!}H‘d from 
fruits, inasttiiieh a^ it^ eonstitie rit earboliydrate is not built on yalaeTurrmie aeid moleeiih*. In 
pliy>ieal pr(fpi rtiM-^. ho'\a\a r. it .<hinv- 'Ajth fruit pectins the most ifiipfutarft projvni'v of settirni' into 
4i linn Li'el appr-puime amomns of,’. ;<>’ar and acid. It is on account of tlij> propm'iv. which is 
the chai’acttn'istir oiXfll | cetir)^ iuvy ■ec^i^a•■‘ of t]n:*ir chemicud nature, that ramarind-seed profluct has 
fH‘en regarded a.s pectin j Ibm aiid Kri^hiio, 1946 ]. InvestiLuitions have shown that it is a carbo- 
hydrate wliidi on hy with mineral acids yields 5cylose., glucose and ^.^alaetose. It is surprizing 

that Hajnarain <uid l)uti have not even ^-ared to identify the suga-rs ibi ined as a result of the acid 
hydrolysis, ntid this siniph* experiment would have convinced them tiiat tie* substance is after all 
not a starch. 

It is unfoitmiatc that tlje authors should Inive permitted the article to bt* printed without first 
('hecking up tlieir hndings in xiew e,rthe several notes that have appea?*es! durisej* the ijitervud between 
the date of disp;;tch aoai that of the publication. Tlie data on which they have based their corudusion 
have been fully dealt with in our ai*tii*]e w hieli is already in press fcir May, 1946. issue of the Journal of 
SfOfftfilir HiiJ ! RrsnfU'tJ j Ghos<n Krishna and Rao, 1940] and, ]ieTi<*e. need no recapitula- 
tion here. Ihvo |>oints. hmvever. require mmition in this note. One concerns the colonr developed 
by tlie tamannd-MM‘d pe<'nn with iofiine (Ui which Rajnarai?) and Dutt lay part ieiilar emphasis. It 
is crmimon knowledj^e, that, b(*sides starch, other y>Ia.nt products are also stained bine or bluish with 
iodine. For example, agar-agar itself produces a bluish-violet- colour witli this reagent. A careful 
exauiination of tfie liehaviour of the tamarind-seed product wnt!} iodine dearly reveals that rlie 
behaviour is not similar to tliat of stardi. When treated with a drop *>r a dilute solution of iodine, 
"^'’starch gets blue-coloured: under the same condifions the tainarind%seed product does not dtn’elop 
any speciiie colour. When K/IO iodine solution is added in drops to a dilute aqueous solution of t he 
product (0-5 per cent), a greenish-yellow colour initially appears at tlio place of contact, but this 
changes to yellow on shaking. On further addition of iodine solution the following sequence of 
c<4our-chaiiges takes place : orange, dirty brown, greenisli brown and greenish blue. The blue 
<u>lour, however, gets discharged on the addition of water. With concentrated s«.dutions of tlie sub- 
stance (1 per cent or over) a greenish-blue gei appears at the final stage. The greenish-blue gel also, 
on dilution with water, changes to an orange-yellow solution. Even the microscopic examination 
of an iodine-treated section of 4he seed kernel, as reported by Rajnarain and Dutt, is cursory and 
defective. Our investigations show that the thickened cell walls alone are stained blue, wTiik the 
rest of the cell or its contents are not. The blue stain of the cell wall too is very easily washed off 
by the addition of a couple of drops of water. On the other hand, the blue colour developed l>y stareb 
on the addition of iodine does not disappear under the same conditions. Further, the form of the 
thickenings of the cell wall cannot be mistaken for starch granules, even by a casual obs<.wver. 

The second point relates to the occurrence of starch in the seeds anu Ra inarain and Dutt have 
^ made a huirned Imt an amusing statement that ‘A seed without starch is like an animal without 

protein, tlefijutely unthinkable and there is no seed known which is free femi starch k 

It may be pointed out to them that (1) betel nut (Arem eatnehu Linn.), (2) date-palm s^^ed {Phe^nm 
daciylijem Linn.). (3) carob-bean seef] {Cerakmict siliqua Linn.), and (1) *S. American ivory nut {Phy~ 

^ feleph(i,s nmeroearpa Riuz and Pav.) are some of the notable examples oi’ seeds v\'hich do not contam 
starch. ^ 

It is thus (dear that the assumptions and observations of Kajnarain nnd Dutt are dtdective and 
erroneous, and their cojij^^Iusion baseless and misleading. It can be definitely stated that tlie tamarind 
seeds do not contain starch. 
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REVIEW 

A Note-Book of Tropical Agriculture 

Compiled by E. Cecil Wood 

(The Imperial College of Tropical Agriculture, Trinidad, pp. 136, IO. 9 . 6rf.) 

T his is a very important and useful book to agriculturists in general Information on all con- 
ceivable aspects of agriculture has been compiled in the book : elaborate tables and illustrative 
diagrams enhance its value. The book opens with a consideration of weights and measures : there 
is in this chapter a very convenient table for converting one measure into another, e.g. pounds of 
vater into cubic inches, cubic feet into gallons, etc. Then there is a chapter on surveying and men- 
suration followed by one on building and roads. Machinery and implements form the subject matter 
of another chapter and the problems of labour, soils and manures are successfully discussed in a 
practical manner. Various particulars regarding cereals, pulses, root crops, vegetables, oil seeds, 
fibres, condiments, sugar, rubbers, beverages, oil palms, fruits, etc. have been noted in the chapter 
entitled Crops. The next chapter is concerned with livestock management, feeding, breeding, rear- 
ing, etc. of different animals generally associated with agriculture including a list of medicinal sub- 
stances and instruments which should always be at hand. The subject of dairy is appropriately^:-., 
dealt with after that of livestock management. A large number of diverse recipes has been listed 
which would indeed be considered helpful from many points of view. There is also a chapter devoted 
to statistics. The book concludes with a list of institutions of service to agriculturists in the tropics. 
The book is a handy one, strongly bound to withstand rough handling and is to be regarded as 
a vade-macum to all agriculturists. The fact that a third edition, has been called forth testifies to 
the existence of a great demand for the book . — U.N.C. 




FOURTH INTERNATIONAL CONGRESS FOR MICROBIOLOGY 

'^TEWS has been received at the ofE'ce of the Indian National Committee of the International 
IN Association of Microbiologists that the Fourth International Congress for Microbiology will 
be held at Copenhagen, Denmark, from July 20-26, 1947. The business of the Congress will be 
conducted through nine sections. 

The office of the Fourth Intei national Congress is located at Kommunehospitalet, Co pen- 
baguh Denmark. The office of the Honoiaiy Secretary. Indian National Committee (Dr A. C. 
rkil). is located at the All India Institute of Hygiene and Public health, 110, Chitt?imniaii 
Avenue, Calcutta, from whom further infoimation on the subject can be obtained. 

For the information of those W’ho will contribute papers, it is stated that a summarv not 
exceeding 200 words should be in ihe hands of the General Secretary of the Congres.'^ at 
Copenhagen not later than. 1947. , 






ORIGINAL ARTICLES 


f STl'DfWH IX RrXDMLKHAXl) 80 TL,^ OF TIIF UXITFI) PROVINOKS 

i il. CHEMICAL CO.Ml’OSfTlON OF THE CLAY FRACTIONS IN RELATION 

i TO THE PROf^ESS OF SOLI. FORMATION 

m, ' ■ ■ '■ ■ ' : . . , ■ ■ ■ C'.' . . .. ■■ / " 

i I>y R, A<JA(nv„Vh, D.Phil.^ Auneultaral Chemist to Covenjment, Cuitecl Pri»vhit‘eK, 

^ Cjuvnpore. and P. AirKERJL B.Sc. (Ao.). Assor, 1. Senior Reseaivti Assistant 

I (Recidrotl for puhlit^ation on 4 September ]b44) 

I X a previous eommiuneal ion Alukerji aiHl Apirwal 1 1 94 reported the results oF their ineesti 
eatimis on the soil .snrvt‘V of a ry[)jeal Iraet of land in the Foiiirlelk'hand region of tin* Cnited 
Proviiiees. in that paper thret* o(*n(uie soil types were :reeooni^(*d and elientieul. physirus‘liemit‘ul 
and nietdinnical <lata for (‘ut'li type were recorded alon^ the. inorplioloeical chat'ai'ters. ddiese 
soil types reseinhle somewhat, ahhuu^ali sapei'tiidally, the associated ted and Mack soils deseriiasl 
bv ftuyehaudhuri and associates ( 1 91 1 ; {91:5| fVoni other parts of Ittdia. It was, liowever, snov. 
jL'esied. as a result of the discaission of the available data, that the soils i»f the Bundelkhand region 
inight be classified under the great grouf; of ’immature tropjcal tschernozems \ In tlie present 
pap(‘r the separated clay iVa<‘ti(>ns from the profile samples (jf esudi soil tyf)e have been sid)jected 
to a thorough (‘hemieal analysis and the results obtained have furnished some very interesting data 
that throw considerable light on the chief pedogenie factors whi<*h are res[Hmsihh‘ for tlie formation 
of soils in tliat locality. 

^ LiTERAT'ORE ■■ 

During reemn, years much attention has been paid to a. study of the cojnposition of the clay 
fraction, since it has been recogni/ied that this is of considerable aid in (diaracteri^ing soils in relation 
to their development. A large volume of published literature on the subject. already exists maitily 
as a result of work done in Europe and AmeT'i<‘a, Work in India on the pedological aspects of the 
clay composition of the different soil types has so fiir been extremely meagre. Referem-e may, 
however, be made to the wt}rk of Raychaudhuri and associates 1 1941 : 1943] on red and lateritic 
- soils of India, in which some investigations have been direcTed on the com|)osition of], the (-lay 
complex with a view to discover the Jtature of the processes of soil forinatiun leading to thxw 
typuad soil types. Sen and collaborators [1941] studied certain physical properties as related to the 
ciay composition and their silica-sespuioxide ratios for a mimber of red and lateritic soils oflndia. 

Excerimextal 

( i ) 3 / eih (xls of a na I tjs is 

After washing the soils free from carbonates and sulpiiates the clay fractions (below 04)92 mnn) 
were separated from the coarse sand free soils avS in the ordinary International Pipette method using 
% very dilute ammonia to aAssist dispersion according to the sedimentation [)i*ocedure described by 
Nagelschmidl [1944]. The clay suspensions were siphoned off and fi<a*cuiated by adding 5 c.e. of 
N-(‘al(‘iimi chloride. The (*alcium saturated clay was then carefully washed tlirough repeated de- 
cantations and finally collected, dried and preserved for subsequent analysis. 

The clay was fused with sodium carbonate in a platinum dish and analysed as a silicate for the 
more important constituents, exc'ept calcium, using ordinary methods. Free sili<‘u was determined 
. according to the tri-acid digestion method of Hardy and Follet-Smith jl931]. Free iron oxide was 
estimateti by the rnodifit-at ion of Trimg’s method [ 1936] as sitggeaied by Drosdoff 1 1941]. Har<iy's 
alizarin adsorption rnetlmd to determine tlie free alumina content was empiovtMl as subsequently 
aKKiifie^l by Hardy and Rodrigues [193<Sl. 
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T}h'K‘ has Imni some eoiitroveiw in 3 ‘e^aDl to the results ohtaiiie<I for free alumina in soil ('olloids 
through t*he use of the alizarin adsorption method. However, recamtly tlu* tmUhod of Hardy and 
tioiirigues has been tested and found to give values (tf free alumina in soil eolloi<ls whi(*h \ver(‘ in <‘|ose 
ugreemetit witli those obtained by the modified method of dhaiog [193f)] ; Sulainum and Mukerji. 
[1911]; Hayehaudhuri, Snlaiman ami Pdiuiyan. [I94SJ and by the differential thermal met hod | Alex- 
atular, .He,ndri(*ks and Paust. [1911], 

Base exehange eaf>aeity was tleteraiiiied by leaidi^ witli N ammoniiini acetate solution and 
estimating the absorbed ammonia- in the usual manner. 


i) Prijile descHptions 

Morphological descriptions of the three soil 


are recorded in Table 1. 


Table 1 

Thr projile (l(wipfions qf the soih uml in fhr v/eestigatioH 


Uomon 

Depth 

' " ■ ■Description , 



■ . ■ ■ ■' 

A 

:0"— 5 in..; . 

Bright reddish brown coarse-grained soil; ioosely packed; very light textured ; 
sparse growth of roots ; non-calcareous and neutral in reaction. 

B. 

5 in. — i ft. 9 in. . 

Dark brown coarse-grained soil ; sliglUly compact; loamy in texture ; sparse 
growth of roots ; non-calcareoua and neutral in reaction. 

Dark brown soil mixed with big sized whitish stones imj)ariijig a whitish grey 
colour to the soil layer ; non -calcareous and neutral in reaction. 

B. 

1 ft. 9 in. — 3 ft. 2 in. 


;S ^ ' ... 

IJndecomposed parent material loosely held ; some whitish rock fragments which 
are very thinly distributed aro calcareous. 

Tppe 2 

'' ' 

0—10 in. . . . 

Yellowish brown soil ; sandy-loam in texture ; gritty in feel ; single grained 
structure ; friable and loosely packed ; non-calcareous and neutral in re- 
.aC'tion.. ■ ' ' 

Bi 

10 in.— 2 ft. 3 ill. . 

Brown soil with a faint reddish tinge; sandy-loam in texture; columnar in 
structure; roots visible ; hard and compact towards the bottom; non-ealca- 
reous and neutral in reaction. ^ 

B, 

2 ft. .3 in.— 3 ft. 9 in. . 

Same as above but harder and loamy. 


3 ft. fl in.— 4 ft. 10 in, . 

Brownish grey soil interspersed throughout with hanhtm (dolomite) ; clayey 
loam in texture ; highly calcareous ; alkaline in reaction. 

i . ■ ■ . Type 3 . . . 


1 ft.^S-in,', : . 

Black clay with a bluish tinge ; cracks on wetting ; very sticky in feel ; imper-^ 
vious and indurated ; nou-calcareous and neutral in reaction. 


1 ft. 5 in.— .3 ft. . 

Same as above biit contains whitish fragments of stones loosely held. 


3 ft.— fft. , . . 

Brownish black hard clay; very sticky and cemented ; slightly calcareous and 
alkaline in reaction. * 


4 ft.— S ft. . 

Greyish brown hard clay ; more calcareous. 

0 i 

/ ■ " " : ;; ';:i 

Sft.— .5 ft. lOin. . 

Compact ash coloured bajri (gra\^elly calcareous sand) highly calcareous and 
alkaline in reaction. 


(ni) A /fa I pH cardnt a 

(a) Type L The results of analysis of the clay fractions separated from the soils of Type I 
piofile mentioned above are tabulated in Table II, 
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Table II 

fif i:ln }tfk(d <day$^ /) 


H wrisstHJ ' ■ ■ Bepih 


Bj 'oiii. — l.n'. 9iiJ. 

:B3'' ■ 1, 

■2 ill. 

C' 3 It. 2 in.™— 4 it. 



SiOj; 



ALO, 





M 54 O: 

K.O" 

Lo>f of 
moisture 
above 

1 05’ 


l-'otal 


Coitib ■ 

Total 

Free- 

Coiitb 

■rofal 

Pree 

Coral; 

CKF. 

" ■ 

i:*Cf 

[»<’!• 

j^3r 

Per 

Per 

Per 

Per 

Per 

Far 

l»cr ■ 

Per 

Fer <Tt 0 

nn.r. 

Per 

1 

i f'Oilf 

cent 

eeiii ' 

cent 

cent 

cent 

cent 



cent 


cen< 

1 


3T*70 : 

2«)'70 i 

0-7 1 1 

2U-03 

10-4S' 

0-40 

T-OS ? 

4-10 

1-80 ■ 
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5-00 

; 7-00 
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All examinatioB of the data presented in Table II reveals clearly some of the more important 
developmental and weatlicring procevsses undergone in the soils belonging to Type 1. Silica shows 
signs of disruption from the complex as weathering proceeds since it is less in the A and horizons 
as compared to or 0 horizons. Free silica is present to an extent of about 8-10 per cent of the 
total silica and it shows a tendency of leaching. The clay in A horizon contains the maximum amount 
of combined alumina and its content decreases with depth. Alumina shows a trend to be constant 
in the first three layers but becomes less in the C horizon, showing thereby that weathering tends 
to increase the alumina content of the clay complex. Iron oxide content is fairly high in the top 
layers and the free iron oxide is also similarly high in A ancfB| horizons. This probably confers on 
the soil its characteristic red colour. The aGciimulation of sesquioxides, both iron and alumina, in 
top layers and the increase of silica with the depth of the profile show tlie tendency for laterisation. 

The clay of the 0 horizon seems to be rich in magnesia slio wing origin from ferro-uiagnesuMi 
minerals. It appears that weathering tends to deplete the clay complex of its magnesia for there 
is a gradual enrichment of the (complex in magnesia as we go down in tlie profile. The complex is 
also rich in potash. Exchange capacity increases with depth which may' l>c suggestive of the fact 
that the clay in the top layers being more sesquioxidic in character has lower exchange properties. 

Derived data in regard to molecular ratios of some of the mor<^. ijnportaiit ingredients wdiicli 
are present in the silicate complex in a combined form are presented in Talfie III. 

Table III 

Dermxl t'lafa for daj/^^ I) 


Hori- 

zons 

iJepth 

Hit) 2 

8iO, 

SiO. 

ALO..J 

SiO^ 

8 iO, 

KaOa 

AlA 

l?e,0» 

FcaO, 

BO+'KAt '■ 

HjO 

A 

0--5 in. . . . 

2*604 

3*19 i 

14*16 

' 4*44 

I/.' " 5*13 

.0*73:;': 

Bi 

5 in, — 1 ffc- 9 in. . 

2*614 

3*33 1 

12*11 

3*63 

^ ■■ : 4*27 1 

0*75 

B, 

1 ft. 9 in. — 3 ft. 2 in. 

2*736 

3*38 i 

14*37 

4*25 

4*.33 

0*74 

C 

3 ft. 2 in. — 4 ft. . 

2*995 

3*87 

12*66 

■ 3*27 

3*53 

' 1 

1 0*66 

t 


The ratios of silica-alumina are not constant in all the depths b\it increase in the bottom layers 
showing that w^eathering tends to deplete the soil more of its silica than alinninn. The silica-iron 
oxide ratios, on the other hmid, indicate that more of iron is removed than silica but that the dis- 
tribution fluctuates in alternate layers. The silica-sesquioxidc ratios are remarkably constant in 
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llio firM t\\<i hiycrs Imt llit* ill (' liol'izoii has a slightly liiglior ratid. >Silica total I m, so ratios 
(lo( roasp iimto or loss unilVd'nily in the three horizons signifying that tin- potash and niagnosian silioatos : 

are stilijocteil to the greatest amount of disi'Ujdion. Siliea/waUn- rat io is oonstant in A and B horizons 
hilt is slightly less in C horizon. ' 

/fA r/.»un 1 l-e tS ni* ('ImV f I’Jirt iollS I.SuhlUMl frOm UlC 


(^0 Table l\ contains the leyiilts of analysis of the ehiy Irartions i.suhiled from the 

Main of Type 2 profile. 


I’ABLK IV 

/}V.sf//^s' of c/notiind a}iah/si^ oj {Tfjjfe 2) 
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Tabi.k Y 

Derrml data Jor vUitj.s (Tj/pf^ 2} 
SiOi, aiOo { SiOj 


Al.Oj i ,SiOj 


BoriEOB 


R^Og A]A)^ FeoOs 


Fe,0, RO+RoO 


0 — 10 in. 

10 iru--2 ft. H in. . 

2 ft. 3 in. — 3 ft. 9 in. 

.3 ft. 0 in.- '4 ft. iOin. 


23‘00 7’.j01 

8*66 6*433 

10*26 6*02.3 

7*65 5*315 


In Type 2 the distribution of total silica, is luoro or less uniform in all the layers but the content ^ 
of free silica increases with depth. It seem.s that the free silica, obtained from soil decomposition ' 
is washed down the profile as in the ease of Type J profile. The combined silica content is more 
in the A horizon, and tlicn decreases. The clays in A and B horizons contain more total alumina 
than the clay in {' horizon. But there is greater amount of free alumina in this type than what 
was encountered in Type 1. The combined iron o.Kide in tlie silicate complex is remarkably low 
and the major portiori of the iron oxide exists in the clay in an unconibined state suggesting tJiat 
the iron silicates arc the weakest minerals in the clays. The magnesia and pota.sh contents of the 


clay seem to indicate the same trends as those found in 'Fv-pe 1 profile. The exchange capacity is 
highest in A liorizon. becomes less in B, but increases again in B^ and (■ horizois. It ,se.eni.s, as was 


ob.servcd in the ease nl' Type 1 profile, that the exchange capacity of the clay follows to some extent 
the same order as the combined silica content.. 

Table cfintain.s the derived data in regard to the molcctiiar ratios of the more important clannicaJ 
constituents so far as the (piaiititics which exist in a combined form are concerned. 


>Tn»lliS ts lirNDKLKHANO 


Tlic aliiniiiiii nilids nrc em'iitially coiistanl in all tlif* l"iir layer''. Ii i- 
..nniula,.:;.. ot alununa in layers ol^l in Table tV n,a>- be onlv 
rati«,.s exhibb a very ^vi,le, varialinn a„.l show very marke.Uieerease u. _t! e luu , 
that the soil foniiirie: ])roee.s,ses are responsil'le for a <‘oii,SK.leia i.e i I'liipiio i I . r .L, i;i|jfite^ 

riel, in potash aivi magnesia. With the exeeptiun ol rhe B, hor.r.o.,. the m 1 ,< ..vat. iia,. ■ - • 

It is auDareiit that the pioeesw's leadhie to the ronualiuii of soil eoioplex repre.seiited !»y lype I 
ii, whicli slight lateritic tendencies were observed liave l,feu .iuinewhat .4t,ihih/ecl in the .oi-ina mn 

of the coini>le.x represented by Type 2. 

(c) Type S. In Talde VI is elveii the chcndcaJ aiialy.sis of , he clays -epara-tcl Iruni ! ae, .soils o 
the profile representative of Type 3. 

Table VT 
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Total silica is more in the two layers of the A horir.on and the. t wo layers ot the J. imn.on a.e 
simihiriv more silieious than the (' horizon. The distribnlion o s, ,ea .shows that, unlme J\ ,e, , 

w i erinE does not deplete the cmnple.v oi' its sili.-a bu, makes ,t shphtly r.cljer m tlu.s mpredient 
L'e , nm of free ,sili -a in t.lic profile is the least of that preset m al the three types emrsaiered 
i dl e ami so is the <,uantity of free alumina. Moreover, free sihea shows signs o accumulation 
th top h vers and frL alumina is niore in A and B horizons as compared to t.. It appears that. 

! ; a result of the restricted drainage and lower topography_of the -.nl type m ipiestion. the rising 
silica-rich ground-waters resilicate the complex liberated ,lurmg the sod dec.ompohitiou. 

Combined alumina content is fairly constant in the profile. Kre<- iron oxide as percentage ot 
• he total iron oxide has been found to be maximum m ti.is jiro.de. lay.icsui ami potasu ,.hovv 
; simihir trends as in the other two jm, tiles. With th- cKcej,! mii m .V the clay of wind, 

hidier exchange eapac-itv the exehnuge eu|>aeit\ m A avJ U hun/oiM u. nuat ui lesb 
fdilbnn''but- is less in the 0 horizon. fUmrizon is again pur.v in silu-a co.iTont ami the base exchange 
capacity, thus, seems to follow the order of the sdii-a content ol tlie cla\. 

Talile. Vll stbows the derived data for the molecular ratios of the more important ii.gredicnis of 

the # 
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' Table VII 


IktimI dafu far clwi/s {Tffpe d) 


fioiizoii 

, 



SiOj 

■;3iOy 

AlaO, 

iSiUa 

SiO^ 

RiOa 

AljO„ 



Fe.Oa 


RO+'Bjj'O 



0 — i ft. ill. . . 1 

. 1 

3*063 1 

106*7 

'' :M*54 

9*378 

.0*79 

A. 

1 ft. in.— 3 ft. . 


2*805 i 

394*5 , 

i ■ . 140*60 ' 

, ■■ 8*984.. 

,0*85- 

fa 

3 ft.- -4 ft. . . . 

2*739 

L: . 2*819 . 

i 97*16 ' 

! 34*4-7 

7*382 • 

■ 0*78 ■ ; 


4 ft.— 5 ft. . . . 

2*574 ■■ 

: 2*667 

75*19 

! 28*21 

i 7*221 ■■■ 

■■■■- ■ 0'‘7r:. 

(h 

5 ft.— 5 ft. 10 in. . 

1 2*655 

2*661 



‘ ■ . "7*889 

'0-58'' 




Biliea-sescjuioxide and silrca-aliimiiia ratios show that the soil-forming processes have brought 
about, on the whole, iui increase in these ratios. Thus the clay from the C horizon is much less silicious 
than the clays from eitluM' B or A Imrizons. 8iiica-iron oxide ratios show that the soil complex is a 
imu'h wccitliercMl materiai and sirnilai* evidence is obtained on a consideration of the silica total base 
ratios. 8iiica-iron oxide raiios- further gi^'e an indication of relative accumulation of iron oxide in 
the B horizon. 

Altogetliej*, it seejns indubita])Je that the soils i*eprescntecl by the profile clescribed above are the 
Ifighly weathered soils of the locality, as far as the iron oxide and total })ases in the clay complex 
arc concerned. Hov\'ever, the type is influen(.*ed locally 11^ different hydrograplucal (Conditions as a 
result of lower topography and this brings about slight modifications in the vsoil-forming processes, 
specially in regard to the behaviour of silica which gets presumably fixed in the top layers. 

DlSCUvSSWN 

Ihe clicini(*a} analyses of the fractionated days from t he soils of Buinkfikhand clearly show that 
the minerals to be attackc^d most by th(' process of weathering are those containing iron and mag- 
nesium. In Type i soils, whic^h has a very coarse-grained texture and conse(;[iiently free drainage, 
rnagueHia on decomposition is probably lost out of the solum but iron actaimulates in the top layers 
presumahly due to its lower solubility and immature character of the soil profile. In Type 2 soils 
magnesia is not eiitirol\' lost but is found along with lime deposited in the C liorizon as Imnkar nodules 
in the form oi‘ dolomite ; but free iron oxide shows a tendency of ^slight eluviation to bottom layers. 
'W'ljen flu" <.‘lays oi‘ Type 3 are taken into account we find that due to poor drainage magncisia had 
had no (duuK^e of de-posit ion in the form of nodules but is found distributed in the (J horizon as small 
sized &(/;>?’ 'particles, Freii iron in this case, too, is found accumulated in the top layers possibly as 
a result of precipitation due to the alkaline nature of the soil and restricted drainage conditions. It 
sc'oms beyond doubt that the translocation of the products of weathering in the soil profile is influenced 
almost- wholly by the topogi'aphical conditions of these profiles. Magnevsia precipitates in the profile 
at various points depending on the movements of ground waters ; whereas, iron shows curiously 
enough three degrees of translocation in the three profiles from accumulation in top layers in the 
Type 1 soils to leaching in bottom layers in Type 2 and further accumulation in top layers in Type 3* 

The three profiles described in the paper represent three successive stages in the development 
of the soils in the Bundelkhand region and it may be highly interesting to study in what manner the 
different ingredients in the soil complex are affected by this development. It is expected that such 
study would throw considerable light on the relative pedogenic forces which are responsible for the 
gradual alteration of the chemical nature of the soil complex as the weathering progresses. In 
such a study the horizons of the three successive genetic groups of soils have been arranged in a 
reverse order. For in all types the C horizon is the least weathered and A horizon the most weathered. 
Although, it may not be perfectly justified in the absence of relevant data to consider the G horizon of 
Type 2 as more w eathered than the A horizon of Type 1 or the C horizon of Type 3 as more weathered 


'«'ru:0TRS' m bt.tnbfxkhakb' mrm 


tltnij tlio A liorizon uFTyiH* 2. rjevevtliele.HH. in aiTanging tlio c-lavs iii thal nrder rfniain trpnris iuM'onii* 
<‘vi<lent from which valuable inlbnfiaHon <'an be secured regarding t lie manner in wliieh ('lse]ni<\*d 
weathering in-ogrossed in the locality. The interpretation of the <laia rnrther brings aboui differences 
due to the orographic or hy<lrograpld<‘ variations in the soil types. For such a discussion the molecular 
ratios as given in Tables III, V and VII hav‘e been averagiMl for the layrn's (»}' the same horizon in a 
type and the data obtaituai are |)resented below for the >sai<e rd* cofnparisort ('fable \'i n). 
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0-74 
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A 

2-803 

2-925 

67-28 
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0-70 

76*0 

Type 3 * 

C 

2-655 

2-661 


7-89 

0-58 

6)8-0 


B 

2-657 

2-743 

*86-18 

7-30 

0-75 

79-5 


■ . A , ■ 

2-889 

2-934 

250-60 

9-18 
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Whereas in Type 1 the silica -sescjuioxide ratios decrease regularly with ad\anced develo]>m6nt, 
iti Type 2 the maximuni value is found in. B horizon and in Type 3 ratios increase with df*\^elo])inent. 
The Type 1 soil being high-lying and open in texture allows free leaching of silica but ses(|iiioxides 
are left behind at tlie seat of weathering ; Imt in Type 2 which lies on a flater topography aeeurnula- 
tion of sesquioxides in top layers is not noticeable as maxiniimi concentration of these ingredients is 
found in the B horizon. When we examine the development in tlie low-lying d^ype 3 soils an entirely 
different picture, viz. the resilication of theyweathered products, is obtained. A far better idea of 
these important pedogenic processes may be secured by considering the silica-ulumina ratios. It 
is evident that in Tyj)e 1 the ratios decrease rather rapidly from C to A horizons: in Type 2 these 
ratios have become more or less stable but there is slight increase in the horizon ; whereas, in^ 

3'yjx^ 3 the ratios increase, althougli not to the same extent as they decreased in Ty|)e 1. ihmi C to 
A horizons. These considerations point to the obvious conchision that in the ses({iiioxi<]es it is the 
alumina component which is more stable or takes part in the process of resilication, and this fact is 
further corroborated by an examination of the trend of variation in the silica-iron oxide ratios which 
have in general shown a regular increase with the process of soil development. The silica-base ratios 
likewise increase with advancing soil maturation showing that us the soil develo])s, luore of the 
alkaline and alkaline-earth silicates are being attacked— a foct wducb has already been mentioned 
previously. A¥ith the exception of the A liorizon of Type 2 the excduinge capacity follows tlie trend 
of the variation in the silica-alumina ratios. 

It may be of interest to recojisider in the light of the analytical data now ohtained for the 
fractionated clay separates the evidences presented in Part I of this series regarding the classification 
of these soils into, ‘ tropical tschernozems Sigmond [ 1939 ] mentions that in tlie formation of 
tschernozemsk the bases released during the weathering of silicates are only slightly leached out. 
The easily soluble alkali salts are removed almost completely, but the less easily soluble salts of 
calcium and magnesium are only partly removed. The characteristic feature in tlie dynamics (W 
such soil types observed for the Russian and American tschernozems has been found to be the 
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innnobilit y of the sesqulc oxides l>olh iron oxide and alumina. .Moreover, the mineral (nnuposirlon of 
the winkle f>r(jf‘i]e has iM*en r<*|Ka*ted \u lie practically the same. In ilie |')reseni case the resuljs of 
analysis uf tlie rlay iVaction.s dtj not in general point to the const lUit (diarac'ter of the mineral composi^ 
tion in tise farolile but the data (*btained are very much similar to those obtained for oilier soils of the 
tschernozeui type I liyers, Alexandar and Holmes, 19.T9 ]. The silica-alumina ratios of t lie 
clay complex sliow an essentially ('onstant character hut iron oxide seems to be affected differently 
in Vliilerent hoil types. Tlsis anomalous behaviour of iron oxide may be ascribed to the higher 
1(‘i!tperatures prevailing iji tlie tropi('s which presumably exert; greater disrui)tive action on the ferro- 
magnesian minerals. With the exception of this notable variation, the soil clays in general show 
all the important charaeferisties of tschernozenis and zonally tJiese soils may perliaps be regarded 
as being typical of the ’ trojjieal tscliernozems \ 

Minerals iii <‘Iays have been indentified by X-ray diffraction methods, differential thetana! 
meiliods and electron microscopic teel{ni(|ues but the chemical data can at ))est afford only an indif-a- 
tioii towards a iw-ogiiition oi‘the prt»bable mineral composiiioti of the clays. Thus llenclriclcs and 
Alexandar [ UD9] ]tav<‘ desci'ilaai methods (or rlie identification of clay minerals on tlie basis of the 
results of chemical analysis. Tlie greater base exchange eapa<‘ity (6:1-84 m.e. per lOt) gm.) of all 
the clays U) rlu? thoa vul I y|>es -t^f the Bnndelkliand region, the higher eombined iron and nu^voiesimn 
eontents and the mrinimt of water held after heating to I0r)Xh suggest that the major constituents 
of tlte {‘lay min(‘ra]s sic of the mcmtinorillonite. type with prohaldy varying proportions of hydrous 


Type rain] Type 'd soils of the Binidelkhand region are respeetively the typical red and black soils 
of the locality, which arc more or less sinnlar in morphological characters to the red and })lack soils 
found in Central or Southern India. It may be interesting to compare the data obtained for the 
Bimdelkhand soil types with those oi)tai]ied foivsinHlar associatcfl types in other ])arts of the country 
as reportetl by Haychandlmri and asso(‘iates. dRaycljaiidliiiri, 8iilai.iuan and Bhuiyan [194:4] 
report that the hlac'k soil (days sjunv a higlier base exchange capacity tlian the red ones and that the 
base excha!ig(‘ capm ity de^-reases down the profile of the Irlack soil vvliereas with the red soil type 
it shows a maxijtmm at aji inteiinediate depth, in the case of Ibmdtdkliand soil days the average 
values for the base exiduuige capar ity of the blrudc soil type are only slightly higher than those for 
the red type for the A and B liori^ioiis only but not for the C hojizon. The base exchange (capacity 
decreases in the profile with depth in the case (»f the blacdc soil \mt increases in the (^ase of the red 
one. However, the fundamental difference l)etween rlie base exchange cajiacitv of the red and black 
soil clays isolated from the Coimbatore soils and those isolated from the Bundelkharid soils lies in 
their absolute values. Jn the former case the values ratiged from 76*0-80*8 m.e. for the black type 
and 9:b8-:46’0 m.e. in tlie red one ; but in the later case the values found are 69*5-81*5 m.e. and 68-81 
m.e. for the re ! ami black soils respectively. Among the other fundamental differences observed 
between the chiys from the two soil regions may he mentioned the variations between their values 
for the sillc a-alnmina and siJica-ses({uioxide ratios. Whereas, in the case of the Bimdelkhand soils 
tlu^se ratios hau^ been found to be slightly higher for the red type as against the black type, in the 
Coimbatore soils reverse was found to bold good. It appears on a joint consideration of the above 
facts that in tlie ( V>imbatore region the red soils are probably more weatliered than the bhick ones, 
luit in the Bundelkharul area tlie red soils show immaturity as compared to the black soils. The 
variations recorded above can, therefore, lie .ascribed to he due to the genetical differences in the 
®oi1s of the two regions. 
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..Buhmab-y- 

]. The (‘lay iVartiona from ll«* protile hamjiles of the three <j;eneuV ^^oil ivpe.s louial in tlio Binah*! 
kliand region have laien thorou^ihiy analysed and the data oldained have be<*ij di^cajsserl from the 
stand.~])oiiit ofsoil g'ctiesis. 

2. ft has )>een found that iivm oxide and magnesia containing minerals are subjected to greatest 
<Hnoui.it of weathei'ing under the climatic conditiuna obtainable in tlie hxalitv. 

:b The processes of soil hirmatiori iia\'e been followed tlirmigli the three niu ce^Nive stages of the 
development of‘ th(‘ titree profiles and il Itas heen .diuwn that as tlie weal heritni' pi'niire^ses more of 
the alkali am.l alkaline-earrlt silicates atid ferruginous silicates deer»nj[M»se. 1’1 h‘ alumina in rlie 
eomplex, liowex'cr. exhiin’ts some staia’lity. 

•I. The btdjaviour of poia-ii. tuagmesia and iron oxide rendered IVee afiei ds" omf.Mxiuon has 
ijceu found to be one of the chief ptsiogenic factors in the genesis ata! difiereut morplnsiouica! features 
of the soil types obtainable in the tract in fpiestion, 

d. Il has laum suggested t hat in the Jowdying ;xmI Tvja* some re''ili<sn iTn (tf the cleavage 
products may fiirllier take phna* maiidy due to orographical am! ljydrogra]dii‘'al conditions. 

if The data of>taitied for the three soil types have also been diseussed its the light of the classilh a- 
tioji of these soils, it appears that tliese soils are zonally the 'tropical tschcinozem.- ' out iti the 
inunature Type I some eviilenee has been found of slight iateritic lendemdes. 

7. Evidence has iaauj addjjf'cal to 1 liat tlie ndnerals of the soil c!a\s are e^sefitiaily of the 

montmoriilonite type. 

8. The data ohtaineti fa- tlie red and black soils of the Bundelkhand region has'e Ijeen eornpared 
with tliose obtained fo{‘ the similar contrasted soils found near Coinibalore and reported by .Ray- 
(‘haudluiri. Sulainian atul Bliniyan [19{:» I. Hie variations olcsorvetl have been ascribed, to be 
<liie to dilVerein-es in the genesis of tlie two types in the two soil regkms. 
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EXPERIMENTS ON GREEN MANURE CROP CULTURE AS A MEASURE 
OF CONTROL OF A, GVLTCIFAOIES EmmmG IN PADDY FIELDS 

By S, (L MASiLAiUJSi, JIalariologist (Retired),, Madras, Soutli Indian, and H. Ramoo. 

Entomological Assistant, Regional Malaria Organization, Pattukottai 
(Received for publieatioii on 4 May 1946) 

I X Pattukottai i<xluk\ Tanjore District, South India, an irrigation system lor rice cultivation 
was established, where there was no such canal system existing before, and immediately malaria 
broke out extensively, tljough not in an acute epidemic form. This falvk has an area of 677 square 
miles comprising 371 villages with a population of 302,194, But the peculiar feature that; 
malaria did not establish itself; the presumption by ihe Rockefeller Foundation workers that the 
ajea became endemic for malaria and would remain so be<*auie falsified, since malaria disappeared 
completely from the area except for a few cases here and there. Tliat ivS. there had been a natural 
decline and <lisappearanee of malaria. While attempting to dis(*over the factors at work which, 
produced the original epidemic, and how these factors became seif-controlled, without the conscious 
intervention of man (no anti-malarial measures were adopted at all except in a field station wdiere 
investigation was being cai‘ried out), it oecuiTed to the senior author that the important factor must 
have been the output of A. etdicijxieies, that is progressive cultivation decreased the area, available 
for continuous breeding of A. eidieifoem, A paper on tliis thesis is l)eing separately piiblished. in 
the present paper the factor of rice fields alone in malariogeuesis and a possible method of controlling 
it. are considered. An experimental study was carried out for tins purpose. 

This expei'imental stiuly, reported below, was carried out as a part of the programme of a sclie.me 
of experimental <‘ontrol of I'ural malaria in .Pattukottai taluk. The epidemiology of malaria in this 
area was discussed at some length by Russell, Rao, and Menon | 1938 ] as a result of the investigations 
carried out by them in this area during the period extending from July, 1936, to March, 1938, under 
the auspices of the International Health Division of the Rockefeller Foundatioji and with the co- 
operation of the Madras Public Health Department. 

To liave a fuller understanding of the scope, objects and aims of the experimental study undei* 
discuvssion the following fevp salient epidemiological features of this area need stressing here : 

(a) Malaria is a recent introduction to this area as a result of conditions brought about by the 
operation of (.auverv-Mettur new Irrigation Project. 

((;) A. mlicifacicis which has been incriminated as the vector of this area, though ubiquitous in 
its breeding habits, has an intimate association with irrigation w^ater, 

(c) There is a marked ' malaria seaBon ’ coinciding with the irrigation season from July to 
January. The peak prevalence of the local vector was during the first half of this ‘ on -sea son ’ for 
malaria. 

id) Paddy fields also breed anopheline larvae, but the species found in a paddy field w^as governed 
hy the cemdition or stage of cultivation.^ 

3. According to the finding of the Rockefeller Foundation workers the order of importance of 
tlie various types of breetling places from tile |)omt of view of frequency of collection of A. oidicifaciee 
y as follows ; 

(1) Imgatioii canals. 

( 2 ) 

(3) Hoof-marks, cart-tracks, 

(4) Ditches, 

(5) Seepage pools. 

(6) Waste irrigation water,’ 

(7) Borrow pits, 

(8) Fallow fields, 

(9) Rain water pools. 

(10) Wells, 

(11) Tanks, 

f 1 2) (^rowing rice fields. 
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The senior author took charge of the seheaie iu April, 1942, after investigutioa by the Rockefeller 
Foundation workers for five and a half years* Further investigation indicated that if at all there 
was an important source of A, cnlicifacies as things stood at the time, it was the paddy fields, and 
t he immense importance of rice fields in the epidemiology of malaria in a permanently endemic area 
irrigated by canal >systems {as ('ontrasted wdth irrigation tmder wells and small tanks) was revealed* 
d. c7//fe(fncfe^‘ is said to be a poor vector and it becomes an importam vector only because 
of its density of prevalence [Russell and Rao, 1942,1]. Assuming this hypothesis to be cwrect 
a particular kind <)[ Ivreeding place of this species must be of greater imponance on at'count of its 
extent and length of period of suitability for breeding, particularly in relathm to the transmission 
season, than other breeding places which are not of much significance in these respects. A]>art 
from factors making a breeding place pa rticiilarly suitable to J. c?///c(/hc/cs its output may be con- 
sidered to be proportionate to the effective area available for breeding. J. eiilmfrtcies larvar were 
collected generally within fi in. of the margin of channels, from the whole-water-siirfiua* praeti<.NiJly 
of small borrowpits and wells, within about three feet of margins of tanks, and the whole area of 
paddy fields. Also it was noticed that at any one t ime only about | of the total area oi' paddy fields 
in a village was found suitable for the breeding of A, etdic{lmies, the Test being in a state ta* stage of 
poddy growth in which no A. eidkifacieH breeding could be found ; wer failow-statc, before ploughing 
is a very fruitful source of A, cnlieifacies. The actual area available for breeding in the different 
kinds of breeding places, was actually measured in six villages and it was found that pad<ly fields 
constituted about 86 per cent of effective breeding area. Under instructions from the senior autlior 
as Malaria Officer, Madras, this unit collected some preliminary data in this respect during 1940, 
The figures obtained during I94?> are furnished in Table 1, showing the relative importance of the 
various types of A. enlieifacm breeding places. The larvee coefficient per visit for the different 
habitats w’as worked out as a result of routine observations during a period of one year in 19 villages. 

Table 1 


Relative htpodaHee of Av ciilicifacies hreedinfi pi aees 


VilUges 

1 

1 . . 'fa tikn : . 

Well. 

\ ■ ^ 

1 

1 

i;.; 

Pits 

i 

r 

Ma in 
channels 

! 

t- 

■f 

Field 

channels j 
Kmnls 
and 

drains ; 

1, 

Paddy 

tields 

1 . Mndalchei'i . - . . 

2. Muthakuriohi (Kandiankadu) . 

3. Sendankadu (Surankadu) . 

4. Sendakottai (Maliakadu) . 

5. Thuvaranmurichi (Keelakkadu) . 
fi. Karambayam (KathirikoUai) 

26500 

29300 

1 1580 
930 
3J050 
j 17100 

i 

; 1020 

: 810 

i 1320 

i 3520 

710 
1410 

173300 

4700 

14700 

35950 

27940 

144960 

*23800 
1.5300 
9260 
; 10850 

i0460 
9730 

40200 ; 

2100 f 

12320 1 
9100 i 
14100 ; 
i ' 3500 I- 

6i800m> 

915000 

3120000 

3430000 

3700000 

785(H)m^ 

Tof^l of breedoig area la sq, ft, . ■ 

116460 

1 0690 

401550 

1 *9400 

j 81320 1 

25I9500(» 

FeretnUige of breedin-g arms to Mai 
breeding arms 

o*4r> 1 

0'04 

1*55 

1 0*31 j 

1 ■ ' ■ 

0-31 ! 

97-34 

Larme cotffmtni per visit 

0-40 I 

3*20 

1*90 

i” ' ' i 

7*60 1 

:..i 

S"60 1 

■0*50 ■■ 

Ana X COP ffie lend 

46384 [ 

31008 

762945 i 

, ..1 

603440 

091220 j 

12597500 

Fercentoge of area as ndaced hp co- 
efficmU 

0-32 1 

0*21 

Si 9 1 

1 

3-76 

4-72 j 

85*80 


Note.' — L arvae coefficient No. oiA. ndicifarips larvae per visit, time being constant. 

Breeding areas calculated as follows ; 

(1) Tanks — ^peripheral length X 3 ft, width. 

(2) Welle and pits — whole area, 

(3) Main and branch channels of width not less than 8 ft. length of both edges one foot . 

(4) Field bothies, hannis and field drains— length of both edges X 4m. (Radius of dipper 3 in,). 

{5) Fields — total wet ayvacntx 0*3273. 
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Kveii thtHigli the ileihsity of breeding of /L culkUutm in parldy lieMs. iIh- total output of 

tlie adult mosquito from this source must he great indeed in to the euortuous extent of 

the available hnuMiing area. That being so, the eonirol of ,/l. c?//nv/h<vcv need be confined to 
only paddy fields, for the purpose of eontvoliing malaria in a rice field anm or (H>uairv irrigated by 
extensive ciuails and vvlsere tlie vector species is only A, CffliriJUi^'t^s, 

eulinfaclrH thougli ocenn’ing throughout the year sliowed marked seasonal trends. In June 
and July. i.e. immediately after the letting in of irrigation water i)ito this area, a rapid rise in th(^ 
output of adults and larvae ocTurs and is eontimied up to August and Septendau’ uitlijhe ])eak pre^ 
vahuice ii\ August, lliis rise conmiences when the ivlative lurau.dity is lt>\v. an unlavouraWe lacUor 
Other met corf Jog-icad conditions '-ucJj as temperaliire satiiration deiicituny ami rainfall also semu 
inherse at the period of the rise. And nhut is more strange is that- when meteorological factors arc 
ia%'o!irahl(‘ after Septemher the prevalence of this mos(|m*to drops <!own aiuniptly. No satislactory 
explanation for this was forthcojuing. Perha(>s an explanation for this rather strange phenomenon 
is the availability of the most, suitable breeding places (paddy fields in th(‘ early eultivation stages) 
to an enoruMUis cextent in the early pait of tlie season and tlie tre;nerfdous output in them masking 
every f)tlier factur and tljr non-ii\ ailiability of s?i(‘h breeding pla.ce.s in tin.* latter part of the season, 
all f he other bre(^<litig plau'Cs remaining fairly constafit in size. Russell arid Hao j Ittlg/i] had reported 
that from iiii<i”A{igus1 io mid-t letober the mortality rate of A. rHliriff/rirs iinagines is abf>ut oO per cent 
every two days. It is th<u'<^fiu‘e apparent from this that the mortality during the ]>r(?.ceding hot dry 
months must givaPcf still. To build itp such a high and increasing populations in the face ot liigh 
mortality during these nttuiths the breeding pliicc'ii and the output of .1. ea/n'/Zhcucs in them must 
necessarily be enornious. This should forcibly stress the imj'iortance of wet fallow rice fields during 
this period which outstrips all iid'.'erso tactois. A. tv^//c?7bw.s' ])ree<ls usually profusely in small grass- 
free pools. This kin<i of breeding ]>laces will be seen extensively in a, wet-fallow field, and lienee it.s 
importance in the out])ut of .J. culkijlfcivs. 

All the developed fields in this newly irrigated area are not brought under cailtivation simultane- 
ously during the irrigation season because of the poor economic condition of the ryots and due to 
various other reasons. Owing to lack of uniformity in agricultural ]>ractices it is very common to 
see large areas lying in a wet fallow condition for longer periods than necessary till August or Septem- 
ber. The wet fallow conditions begin in June and after variations and increase in their area according 
to progress of cultivation practically completely disappear by end of Septeml)er or middle of Octoi.)er. 
One of the reasons ail vanced for the absence of malaria in some of the old deltaic villages of Tanjoi‘e 
district is tluil the ric'c field'-' iii the old delta remain wet fallow for very much shorter period prior to 
transplantatirm tlian in tlie Grand Anient Canal area (Pattukottai falak). Any method which abolislies 
or reduces the brers.ling of A , vMicifaeirs in rice fields during the period of its peak prevalence should be 
of great importance in the control of malaria in this area. Tliree methods of malaria control were 
recommended for this area by tlie Rockefeller Foundation worlcers. The}' were tried in a small 
area on an experinienial basis but it was found that if these methods were applied to the whole taluk, 
the cost would be prohil>itive running to more than a crore of rupees perha|>s. Jloreover, they were 
found to be impracticaWc, 

In the meanwhile it was considered that tlie growing of green nnuiui'e crop would- possibly help 
in controlling of lireeding of A. ailic(fack,s and hence act as a malaria control measure ultimately in 
this area. This is entirely a new method. Its ratitmaJe will be clear from the following discussion. 

(a) It has been observed recently in the Caiivery-Mettur Project area that active breeding of 
A. ciilmfac'ks in rice fields continues witJi maximum density as tlie phases of (mitiiral operations 
such as ploughing planting and growing stages take place until the rice plants are about a foot liigfi 
after which the fields are no longer dangerous in this respect. It w^ould appear like.lj’' that rice plants 
above a foot in height inhibit the oviposition of A, oulmifaeies. The decline of A. cuKcifacies adults 
commencing from October is also interesting in this area as it is not due to any adverse meteorological 
conditions (as a matter of fact meteorological conditions are more favourable after October) or 
reduction in tJie area of breeding places. It may perhaps be due to the disappearance of the particu- 
larly favnarable bree<ling places to this species especially the wet fallow rice fields. By October end 




very tew tields. only a iH'^iigible f>rup<ij’tbii of tlie total euhivate<l area, ait* in m tise uri 

fallow conditioii or the earlier stages of agricu'ltnral operations, majority of the fieM^ Oeiiej ui the 
vegetative phase with erop over one foot high. Ail these are suggestise of the epidenuhdogieaf ins- 
portanee of riee fields prior to the aetive ^■eu■etative p]ja>e and the need for ront rolling .1. ez/Z/eZ/he// 
Isieeding diii'ini’ tijis period, 

(6) [n his rejxa-t Xo 0:^ slated 4th Mareli Ihi:^ Hoss had stated “ ilnriitg tin* j-ainv tnontlis of 
itec-emher and until th(‘ niiddde fd'Jstniiarv the larvae ainl nymph of < .s ware found iji evr‘r\' 

po<il mingled in plaees with {?ut its the pad<ly land between KarhiisX'akkans \dllaiit* and fhr* f-anid. 

the larvae eanght wei'{‘ either //d/////zo,oes or eexsa’. By the niifldlt* of January pools liad hegun to 
siiriiik arnl their erlges fseean-e gretui with grass : fiann this time until llie tirsie of vrifitna A’eeer/h’// 
ff.H'Jcti and a species (not arnfpheiine) idejitihod Aeiiomijiti sy^htututf jiriftm r«‘pl‘e'etl e/d/eZ/heds and 
/•ess/ in most grass edged ])ools though in t!n‘ easmina plantation pit- wh<*re iir.t— doi-s nof grow 
(•tdieifaciefi hold sway'd . In his prelifuinarv r<g.)ort on Pattubittai area dated September the 

seniiu’ author had state<l that paddy lleldis luv/ed nnopheline larvar^ hut the -pj'cie-^ found in a jauti- 
ridar held was governed hy tlie eondition or stage {.nltivation 

1’onsidei‘irjg togetlnu' the observations made by I,b>ss. the setiior author (;f ihi- artiele and Bn-'.e|| 
and Rao [1942,3] it would appear that the virtue of ob-truelion need not be <'on<h!ered peeuii<ir to 
ptuhly (;f more than otie foot high. Ih'obaldy padily crop of one foot aaid m(>re in luhghr aets nol on 
account of its height but because of the thifdc foiiag(‘ of paddy Wades. Uie stniior author knows ver\' 
well the area referred to l.>y Ross in 1912. I’he grass cannot he eharacteriiied a'^ rjrtt* foot higli and more. 
Tt will be mostly less than this from a{)oiit 3 to (» in. It will i;e tiiore corrcet t(f say that ,-j. e/zZ/rZ/hr/rs 
prefers for oviposition grass jVe<t edge.s. And if further studies are madtj it may be pi>.>sible trz say 
that it is a question of vegetation free edges (emergent vegudation of siifiicient thickness and Iteight 
above water surface), and not necessarily ]»a.ddy~free or grass-free edges, f.arge scale stJidies on this 
point are likely to be of great value as there is the possibility of devising sTjitable naturalist ic methods 
of control of A. oilicifacie,'^ as a residt of .such studi(vs. It was arguerl that if during the wet fallow 
condition of the fields tliere is already a standing crop there to prevent ovi{>f»sition by .1. "/d/eZ/hcZes 
the breeding of this mos(|uito in paddy fields w’ould lx* (controlled. .\nd if t his sramiiug crop is useful 
to the agriculturists also then two purf)oses will b(‘ seivaal. * 

(i) Prevention of vl. culicif<tcieH breeding : and (ii) Ttility to rvnt. 

A green manure crop was found to aiiswau* the re(|uiic!nents. 

These observations led us to presume that a tliick growtl) of a grciui manure <i<zp in rice fi(‘l(|s 
must certainly offer '•lufficient mechanical oi)struction to ke(‘p. A. f‘HHrifarie< out oftla'iu and tlau'e- 
fore experimental studies were planned. 

(c) All the green manure (^rops that are used for agricultural purposes belong to the leguminous 
type and it is a wTdl known fact that legumes fix in the .soil the nitrogen of the. atrnospJien' by (‘crtain 
bacterial action tliereby increasing the nitrogenous contents of the soil. The soil In rlii> new |:)rojecT 
area is reputed to be deficient in humus and nitrogenous (xmtents. h In an ac<‘<q?ted fact that uiany 
anopheline species particularly tJiose conceiujed in tiie transmission (>f maLiria avoid wattu*. the nitro- 
genous content of wdiich is high. Hence- the possibility is that a W(dl manurecl paddy field in due 
course of time may prevent J. rHlmfaeirs breeding. (The nuumrial probhmi in the Hranrl Anicut 
Eanal area is said to be difikmlt if not acute as there is great .s(;arcity of fariu yard manure). In thf^ 
case of fields with the green manure crop the manure plaiRs are ploughed and puddled into ti;e soil 
in the very first ploughing and during the whole period the fields are in this phase of ploughing and 
puddling, a high degree of organic pollution and contamination of the wet field take place so as to 
inhibit A. culicifacics breeding. 

(^Z) It has been estimatcxl by the Agriculture Department that the raising of green manure erop 
in rice fields increases tlie yield of paddy by at least 50 per (ieiit in a soil newly bi‘ought under cultiva- 
tion and by 10 to 25 per cent in old soil. This would certainly go a long tvay in bettering the economic, 
condition of the ryots, it has already been mentioned that the generally poor economic condition of 
the ryotvS of this area had been the chief limiting factor in the rapid development of the new irriga- 
tion area both in regard to intensive and exten.sive cultivation whicdi constitute probably by itself an 
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iinportaiit inetliofl of iri-igation-malaria control That it is considered by some that improvement in 
the economic condition of a malaria-stricken commimity is helpful in malaria control needs no reitera- 
tiom ■ ■ ' ' 

Experimental stvov ^ 

Two villages namely Veppangukm and Tliallikottai on the Pnttukottai-Manuargudi road were 
selected for the study in 1943. The manure crops tried were holutfji, dameha and sunnhemp. A com- 
plete belt of lands around each ^’illage was sown with the above crops* The total of 215 acres was 
under hdmg^, 9A acres under duineha and 82*69 acres under sunnhemp ni the two vdlngcs. A brief 
description of the three plants and the time of their sowing* etc. is given below. 

KoiTXf^'f (T£PHrto>^iA PunprrnEA) 

Th is is a wild growing herb with plenty of lateral brandies anfl thi(di foliage. It grows to a ^ 
heigiit of about 2 to 3 ft. A thick growth of these plants is (‘apable of affording effective shade as 
well as mechanical obstruction to the ovipositing female A. culkifacips mosquitoi^s in a way that any 
water stagnation in the field is completely hidden. These plants grow well only in com}>arativdy dry 
soil and in their wild growth are often found abundantly only during the dry summer months. They 
slither under water-logged or \vet conditions. When water stagnates foi* about a fortnight in the 
fields in w^hich these plants have been grown they die out, but they produce conditions inhibitive to 
A. mlicifmieB breeding by organic pollution of the water by the rotting of fallen leaves and shoots. 

They «are usually sown in rice fields w^hen the previous paddy crop is nearing harvest, a week or ten 
days before the harvest, when there would be some water left in the field which would be useful for the 
germination of the seeds. By the time these seeds sprout out the harvest of the paddy would be over 
and the moisture that would be left in the soil of the harvested field u ould be sufficient to give a start 
for the young seedlings. No further w^atering is necessary* In the present experiments these w'ere . 
sowm only a w^eek before the harvest during the second week of January 1943. The one important ^ 
advantage of this particular crop over the others is that if it is given a start by persistent sowing for 
two or three years it ultimately establishes itself without the need for sii!)sequent Ksovving* This is 
due to the fact that a certain percentage of the seeds, that are ploughed into the soil, is capable of 
lying dormant in the soil for long periods, one year even ordinarily, and then s}>routing when the 
soil becomes semi-moist. These plants are usually grown in fields vvhich are not moist during 
summer and non-irrigation season and are of a sandy loamy nuture. In tlie Grand Anicut Canal 
area fields which are moist or semi-moist during the non-irrigation dry season constitute only a very 
small percentage of the total paddy crop area. From our general observations it can be said that 
this plant can )>e tried as a green manure crop for at least 90 per cent of the developed ayyacut in 
the Grand Anicut ('anal area the rest being in a marshy or damp condition, a condition unsuited to 
the growth of this plant. 

aculeata) 

This is a downy shrub which sometimes grows to a height of 6 to H ft. ft gives off* lateral brandies 
only after it has grown up to a certain height and has a rapid growth. It is tlierefore grown only after 
the letting in of irrigation-water in June and will be useful for fields wdierein agricultural operations 
commence by or after the middle of August or so and which are unsuitable for the growth of Ming I 
on account of the nature of the soil. Baring the early stages of its growth for a month or so it is not 
of much use from the point of providing either dense shade or mechanical obstruction to the required 
degree but since the ryot will take care tluat the field is not water-logged for fear of destruction of the 
plant this defect is not of much significance. As it advances in age a thick growth with plenty of 
lateral branches provide good mechanical obstruction. 

Sunnhemp {Cmotalajua juncea) 

This is a plant which can be said to be neither a herb nor a shrub but is midway between them. 

It grows up to a height of 4 to 5 ft. It gives off only a few lateral branches at the tips just before the 
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fioweriiig sta;^e. The iuliage Ls also uioderote. It has to be sown after the letting in of irrigation watej' 
just as Jaiiwha with an initial wetting and plonghing. This seems to require a certain amount of 
moisture in the soil for its good growth but does not stand marshy oj‘ damp condition. It is a very 
short duration crop of say 40 or 45 days — this seems to be its only advantage. But since it docs not 
give off lateral shoots or foliage and since it is subject to attacks of a pest, it was considered of not 
much practical value iu control of breeding and the results of observation on this plant 

a!*e therefore omitted from the report. 

These experimeuts were planned and relevant data collected in such a way as to determine 
<*hiciiy the effects of green manure crop culture on, d . eidicifociefi breeding in rice fields at the various 
stages of agricultural operations. No attempt was made to study the incidence of malaria in the 
villages around which green manure crops were grown as malaria in this (irand Anient ( 'anal area 
was at the time of starting these experiments found to be rapidly declining. Moreover Jf a study 
of the incidence of malaria in relation to this method of control was made the .scope and extent of 


the experiment must necessarily have been bigger. Such a large scale study w^as not nece.ssary since 
the only point to be fjroved w’as whether green manure crop culture would control breeding of A. 
rididfacies in paddy fields or not and if it did control such breeding the legitimate inference can be 
that the malaria also wdll be controlled since rice fields constitute 80 per cent oi* the effective area foir 
its breeding. Anopheline larvae were collected in the above fields, A total of about 2070 collec- 
tions were ma<le. Standardized tnetho(l of larvae collect ion w'as uniformly adopted, each collection 
being for a constant period of five miriiite.s. 

As the wet condition of the fields varies week after week, larvae collections were made in as 
many fields as were in the w'et condition and over a wide area. Further, these ob*servations were 
carried out in a larger area under actual field conditions so tliat the data collected might give a clearer 
idea than the data gathered in a feAv selected experimental plots. The figures, viz. the total number 



of A , culmfade.i identified from the collections and the percentage of A . cuUcifacm to the total larvae 
identified, furnished iu Table IL give a clear and conclusive indication of the iiihibitiye effects of 
green manure crops on A. adwifaciea breeding in rice fields, (follections in fields with dense growth 
of holwgi w'ere negative for A . enlicifaei.es\ wdiile in the fields with dense growth oidainclta and moderate 
growth of koLingi, the percentage of A. ctdmfacm was less than 4 per cent. In this connection it 
must be mentioned that green manure crop culturt? is a ne\v introduction to this area and particukriv 
in the villages where they vvere tried by us. Ow'ing to abnormal summer showers in 1943 and lack 
of .sufficient co-operation from the ryots, the green manure cunps were successfully raised to tlie 
desired effect only, on a small portion of the total area under green manure crop. When once this 
practice is earnestly taken up by the ryots and is established firmly, dense growth of green manure 
{'rop can effectively be raised. In contrast to the percentage of A. culicifacim in the fields with green 
manure crop, the figures obtained in the control fields with no kolingi was as high us 18*7 per cent. 
Even fields with moderate growth of kolwgi recorded only 3*2 per cent of A. mlkdjiwtes larvae which 
is less than 25 per cent of the figures for the control fields. Fields ploughed with the greeii manure 
crop also showed ])ractically negative figures for A. cxdkij'acm breeding and this inhibitive effect 
was noticeable even to the stage of paddy crop coming up to a height of one foot after transplantation. 
The percentage oi\4 . e'Hlmfavks in the fields ploughed wfitliout green manure crop was also as high as 
16*6 per cent. From the above statements it may be seen that the frequency of collection of A, cult- 
cifaci€8 larvae was considerably greater iii the control fields (wet fallow without green manure crop 
and wet fallow* ploughed without green manure), than in the experimental fields (wet fields with green 
manure). In collections in which only one or two A, mlicifocm larvae were recorded the possibility 
of tlieir presence due to the larval drift fj*om the field channels through which the fields hav'e been water^ 
ed should not be ruled out and must be borne in mind in studying the data furnished. 

A 50 per cent j‘ed action of cidicifacies is all that is necessary to abolish effective transmission, 
since this species is a very poor vector in this area with an infection index of 0*1 per cent. It is 
generally so in non-epidemic areas. It is the density, that is larger output, tiiat seems to be tlxe 
important ffictor. Viewed in this way the effect produeei by green manure crop culture on 
A. ridicifade^ output is more than .satisfactory. 
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SuMMA'Ey V" ' ' 

Green inaimre crnjns do ell'eetively ereate conditions in rice fields during the various stages of 
agricultural operations inhibitive to A. vulkifacm breeding, the one or the other or a eouibination of 
factors enu.n3ei‘atecl in this papei* coining into play during the peak months of J. vf{U>iJkvle,s breeib 
ing in the Grand Anicut Chnal aim. 

Kolihgi seems to l.)e the most suitable green manure crop to this area. In other places where 
similar problem obtains, the agricultural expert may suggest, in consultation with the nialaviologisi, 
the most suitable manure crop for the local soil. 

The growing of green manure crop solves also the maimrial problem in tiiclrranfi Anient (’auid 
area where the soil is .said to be pooi* and farm yard manure difficult to oijtain. 

increased yield and the consequent lietterment in the economic condition of the r;yot. 

The possibility of this method of malaria control proving an unhpie naturalistic imdluHl of 
control against A. cidicifaciaa breeding in rice fields, particulaiij in deltaic and new irrigation area 
subjected to agricultural or irrigation malaria is indicated. There are many kinds of green manure 
crops and it may not be difiicult to select a suitable one. 

To foresee and prevent outbreaks of malaria in areas to be newly brought utaler canal irrigatioji 
(outbreaks like those which occurred in tlie Irwin Canal area in Mysore and Grand Anicut Canal area 
_ in Tanjore district), it may perhaps be enough that a scheme of extensive green manure milture pro^ 
perly designed and executed is put into operation, even before the first cultivation comnumees. 

Malaria in India is mainly a rural problem and if careful investigations are made, tlie problem will 
more often be found associated with agriculture. Apart from the water-tidiness that must be jH’ac- 
tised in the distribution of water there is yet the question of the agricultural practice itself. 

The method of green manure (U“op culture is strictly in imitatio.n of nature Tlie problem of 
rural malaria is so enormous and extensive that it will be the height of folly to think of tlie present- 
day methods wdiich are usually costly. It is suggested that methods like green manure crop culture 
and others which can be brought under * sanitated agriculture ' may be taken up for intensive study 
as an item in rural reconstruction and jiostwar reconstruction, 

A scheme of green manure crop culture as a malaria control measure will not cost the Government 
anything at all except the money spent on propaganda wdiich is ordinarily a legitimate expenditure of 
- the Agriculture Department. The expenditure on green manure crop will finally become part of 
the ryots' agricultural budget and it will not be felt as an extraordinary expenditure at all. That 
is to say he himself wfill be establishing malaria control and it will cost him next to nothing to do this. ^ 

There are many new irrigation projects coming into existence shortly. It is suggested that it 
• will be worthwhile to investigate naturalistic methods of control and put into practice any useful 
»ones in connection with these projects before it is too late. 
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Tib<i Liicthud of greoo ?inmuio crop eultiiro astitbllskes cuiituinoiii 
cidijo*faofe< iVoin tUe time water is lei iato a rice field. accideutallT or intei: 
ilie beiglit of jiuddy growth is sufficient to prevent oviposition. M 
aboJislicJ even' rear and the disease will (inalh’’ die a natural death. 
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coXTflOL OF BRACOX BRBVfCORNIS WASMEAL, A PARAHJTE OF 
rmCYRA CBPHALOXICA ST., A HOST FOR MASS BRKKDINA^ 

OF TRWHOGRAUMA MISUTUU RILHT 

By Jv. N. Tbehan, li. »Sc.. Fh. D. (Lono.), Agricultural Katomologist ro Uovernruent. B^nibay 
Province. Poona, and S. A. RA.rA Rao, M. Sc., BnfomoJogical Officer. Biological Control 

Scheme, Bombay 

(Boeeived for pHblicatioii on 2 .liilv 1045)' 

B HACON BREVl(X>RN is Wasmeal has been recorded oii Piok boll worm. It also attacks 
the caterpillars of Coreijm eephafomm St. w.hich is employed for the mass production of 7V/- 
chogt'mnitKi nmintum Riley. At times the attack of this Brmmi is so serious that it destroys the 
entire culture of Corcym and thus acts as a serioas obstacle in the rapid multiplication of Tmlfo- 
grarnnm^ parasites. Although the Bmem is most active only during May, June and July, its slackened 
actidty during the rest of the year, need not be neglected. 

BEHAVlOltR AKI> UFiS-HISTORY 

The adults are very active. After mating, the female rests on the body of the host larva and 
stings the host which dies subsequently. The parasite has a preference for the :^rd instar larvae. 
Larvae of J*0 mm. or less are not attacked, whereas those which are more than 4*0 mm. long and 
well developed are readily parasitized. In case^i of severe infestation, how^ever, even the larvae 
in last invstar or in the prepupa! stage are usually not free from the attack. The parasite lays eggs 
anyw^here on the body of the host or close to it. On an average, the duration of the life-cycle 
during May was eight days, (average maximum temperature 97*23®F.; minimum 73’22‘^P.; humidity 
at 8 o’clock 69-88 per cent). 

Table I, ■ 
q/ Bracon brevicornis 


Eggs laid on 

.Eggs hatched on. 

P,re|>iijml k pupal 
period 

Bate of emergence 

■ 

.H'emarka 

3-5- 1040 

2-5- IW.-! 

■ 

i5trh-St;li 

9-5-1943 

n,,™.; , .,™„„ .V.. 

Kgg stage 1 day 

H-i> >.943 

4-5-1943 

7t,h-l0th 

11.5.1943 

Ornh stage 3 days 

■ 

0-5-194,3 

6-5-1943 

9th-12i>1i 

13-5-1943 

Frepiipal stage 1 day 

. 6-54943 

7-54.043 

lOth-lSth 

14.5-1943 

and Pupal stage 3 days 

8-5-1943 

0-5.1943 

12th-15th 

16-5-1943 


9-5-1943 

10-5-1943 

l.m-16th 

17-5-1943 


10-5-3943 

11-5-1943 

14th-17th 

18-5-1943 


1,2-5-19.43 

13-5-1943 

16th-19t.h 

20-5-1943 


14-5-1943 j 

15-5-194.3 

18th -2 iHt 

22-5-1943 



The number of parasites that develop from a single host depends on its .size and may range from 
three to seven. The number of eggs laid by a sin^e female ranged from 16 to 22 (Table IT) and the 
ovippsition period w’^as two .to three days, the maximum numte of eggs being laid in the first 24 
hours. The duration of the life of the adults was four to six days. 


c2 


rm 


THE INDIAN' JOHBKAt- OF' AORimiTU.B,At SGIENGE 


Tabdb: II ^ 

E(jg hyhg mii fmeniage of imly mdposMon per female 



I"' 

Ovjposilion 


Total 

Percentage daily ov]po.sit4on 


\ i 

f 1st 24 Im. 

! : 

2n(i 24 lira. 

1 Srd 24 hr«# 

l8t'24 lira. 

2nd 24 lira. 

i .3rd 24 hrs. 

1 

! 

1 ^ 

6' 

^ ■ 2. 

16 

50-0 

. 37.‘5.''" ■■ 

1 12*0 

2 

i 7 

4 

' O 

O 1 

. ' 16 

43*7 

, : 2o*5 

31-3 

Z 

I 10 

6 

3 

■ 10 

' 62*6 

31*5 

16*0 

4 

! 9 

.5 

3 

17 

i . 63*0 

29*4 

17*6 

n 

^ 10 

^4, 

4 

18 

. ■ ■ 55*6 

22*2 

■ 22*2 

6 

11 

5 

4 

20 

i 65*0 

26*0 

20*0 

7 

0 

' Ii. 

4 

10 

47*4 

31*6 ■ 

21*0 

■ "% 

12 

7 

3 

' 22 

■ ■ 55*0 

.32*0 

13*0 

1 

ii 

' 0 " 

4 

' ii 

o2*4 

■ 28*6 

19-0 

10 1 

10 

■ '6 ‘ 

■ 5^ 

21 

47*6 

■28*6. 

23*8 

Average 

0'7 

5*5 

3*7 

I8‘0 

' 61*2 

29-1 

19*6 


Vescriftmi of Maqes, Acliilt : Active, male smaller than the female, average length male 3*55 
muh, female 4*40 mm.; shows variation in the mimber of antennal segments which are 22 in male and 
16 in female. The antennae are beaded except the last segment which is pear shaped, pedicel the 
smallest. Egg : Cigar shaped, grey, laid singly, average length 0*5 mm., hatches in about 24 hours 
in rare cases incubation period may extend to 30 hours. Grub ; 0*5 mm. at emergence and on an 
"average, becomes 2*07 mm. long when Ml grown, slightly curved, it feeds for two to three days, 
])ecomeB stumpy, detaches itself from the host, and after the prepupal stage of one day, pupates 
in a silken cacoon. Pupa : slightly broader posteriorly ; average measurements, length 3*17 mm., 
breadth 1*14 mm. 

Original description k ^mm Nouv, Acad. Science Bruxelles, 11 (1838) but the publication is 
not available a nv\vWe in India. 

■ *' ■ ' , , ■■ .. " ■ r ■ , ■ 

' ■ MeaSUee.s 

Preventke ■ ' ' ■ ■ 

The food material shoulcl be spread in sun for a couple of days and well disturbed so that the 
parasitized larvae, if already present, may be killed. It is always safe to sun-dry even broken Joivar 
before it is used for this purpose. 

The breeding cages should be well protected with wire gauze of 30 meshes to a liniar inch, 
and fumigated with tabacco before use. Soon after the inoculation of Corcyra eggs into the food 
material, breeding cages should be kept closed till the emergence of the moths. Just after collec- 
tion of the moths, the cages should be carefully examined Tor any stray parasite W’hich must imme- 
diately be destroyed. These precautionary measures must be adopted till practically all the moths 
have emerged, 

Conlrot 

Light trap. Results of considerable significance liave been achieved by light traps under labo- 
ratory conditions. A petromax light of 50 c.p. held in front of the breeding chamber at a distance 
of 2~5 ft. attracts innumerable parasites of which usually the greater percentage is of gravid females. 
The culture, however, should be disturbed to increase the eflScacy of the trap. Alnxost 75 per cent 
control may be achieved by this method. 

Ask method. As a rule, after emergence the parasites come to the surface for mating after which 
they again enter the culture through the interspaces and attack the ho^t larvae. The larvae while 
feeding, often come near the surface of the food medium and are easily parasitized. Considerable 
control, however, has been achieved by spreading the ashes obtained by burning the molasses, which 


(TiXTEOi or MfiACiU,' Mmrrmnxi^ WiiS'Mr-iL 


k a bjTproduct in the manufucture .of sugar, in -t-Mn and imiforiB layer of 1*0 cm. tMcknesa over the 
culture. It provides an additional layer and, therefore, restricts the larval movement only within 
the food material. Moreover, the parasites after mating do not find easy access into the culture 
because the interspaces at the top are blocked up. Thus the larvae escape parasitization and breed 
within the culture quite undisturbed. The layer of ashes does not in any way. hinder either the 
emergence of moths or the development of their larvae. 
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L PREPARATORY TILLAGE AN0 INTEKBEAHONAL ('(U/ITVATION.S 
By P. I>. (Udkaki and V. K. Josbj, Department of Agriculture. H. E. H, the Ni;^ani\s Dominions 

(Keceiv^d lor piil>lica.tion on 10 June 1 94H) 

I’\1P0RTAXC\E of the preparatory tillage and interseasonal cultivation needs no special enipbasls. 
Jl Every farmer knows that if these baBic operationB of agriculture are not properly attended to, 
the yields of bis crops are bound to siififer. Cotton yields in ilarhatwada have l>een notoriously low 
and as such it w'as felt necessary to find out how far the same ecndd be improved by l)ringing al)out 
suitable changes in the existing tillage operations. This work was started at the Cotton Research 
Station, Xanded, immediately after the evolution of a basic han strain of <‘otton. vix. Gaorani fi. 

Experiments 

The local methods of preparatory tillage and interseasonal t'ultis^afions followed for cotton 
naturally depend upon the previous rotation crop grown in the field assigned lot it. In Marhatwada 
cotton usually follow's either khadf (monsoon) or mbl (cold weather) /o^ro/’ {Sorghnm Vfdgare), The 
cold season or mhi joivaf is usually preceded by a short season ieguniinoiis crop of thug [Phamhis 
NiUfigo). In recent years, however, groundnut (AreMs hypoffm) is becoming widely popular as a 
rotation crop for cotton. Accordingly, the experiments regarding preparatory tillage and inter- 
seasonal cultivations for the same were carried out in relation to all tliese three crops that are rotated 
with it. 

The local practices of preparatory tillage for cotton consist of : 

(a) a ploughing (with a heavy wooden plough) once in four years, and 
(/>) annual bakJmvigs with a blade harrow as per following details : 

(1) After kharif joivar : 

(i) Twm bakharings, one immediately after UgadL, i.e. middle of April and another after 

the break of south-west monsoon sometime in the first or second week of June ; or 

(ii) Three bakharings^ one immediately aftei‘ i.e. middle of April : another a month 

after the first balcimringr advantage being taken of any ante-monsoon show^ers 
that may be received and a third just after the break of south-west monsoon, 
sometime in the first or second week of June. 

(2) After mbi 'joimr : 

(i) One bakhm'ii^g given just after the commencement of the south-west monsoon some- 

time in the first or second w^eek of June; or 

(ii) Two hakharingSi one given immediately after the Ugarli and the other immediately 

after the commencement of the south-west monsoon ; or 

(lii) Three bakJmings, the first at Ugacli second a month after Ugadi (advantage taken 
of any ante-monsoon show^ers) and third given just after the l>reak of the south- 
west monsoon. 

{:!) After groimimd : 

(i) Two baklmrwgs^ one immediately after the harvest of the groundnut crop (virtually 
a part of the harvesting operation itself) and another after commencement of the 
south-west monsoon. 

1'he local methods of interseasonal cultivation consist of: 

(a) two hoeings with kolpa (blade hoe); and 

(h) one or two tveedings carried out with the help of a kJrurpi, no difference being made due 
to previous rotations. 

It will be noted from the above details of the preparatory tillage that these operations commence 
only after Ugadi, i.e. middle of April. This is probably due to the fact that the land leases in these 
parts are renewed on or about this day, which marks the beginning of the agricultural new yea3% 
The inevitable result of this practice is that the lands are totally neglected after the harvest of the 
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previous crop till ilte riglit fur growing next yeBrs crop in decided. It in usually believed tbai lack 
of preparatory tillage during this period may be reBponsible for lowering tbe yields of tlie followiiig 
cotton crop. Accordingly in the ex peiiment tmcl acted after Iharif Jowar. where the land usually 
remains uncultivated for a long period till Ugmli, one kfklmrhfij immediately alter its harvest was 
added to both the local practices cited above. Similarly, in case of groundnut rotation, an extra 
ploughing with an wooden plough in inid>January, or one bakharing at IJgudi, or both, were added 
to the existing local practice of pi'eparatory tillage for cotton grown after this crop. In ease of rabi 
Jowar. however, the Cfuestion of the land remaining imcuitivated between Imi’vest of ml/i Joicar and 
(tommeiicement of tillage operations for the following cotton, did not arise and as such the experi- 
ment was confined to the study of the effect of the increased frequent\y of kd'ko'iHg operations after 
Ugadi. 

Each of the preparabiry tillage method in each experiment was studied in relation to the rre- 
ijuency of the tveeding operations that formed a part of interseassonal cultivation for cotton. 

Thus, each experiment consisted of eight treatments due to four levels of preparatoiy tillage 
(us detailed in Table I) and two levels of hand weedings. viz. once (on first workable day 35 days 
after vsowing) or twice (on first workable days 30 and 65 days after sowing). 


Tabub I 

Delatls of prepariaorg liltage Ireatmenls tested in the Cotton Ctdttvalioit^ lirprrmenl A, Cotton Iksmrch 

Skiiion, Nanded, 1942-45 


After TchanJ joivar 

1 After rabi jowar 

\ 

After groundnut 

(1)* Two haklm'ing ^ — one after Ugadi and 
one after the break of sout-h-wcs1> 
monsoon. 

' ■ i 

(1 One hakharmg'^^ibQY the break 
of sonth-west monsoon. 

{ly^ Two ha Mar lags — one at ground- 
imt harvest, another after the 
commencement of south-west 
monsoon — ploughing once in 
four years. 

(2) Tbi*ee haMaring.s — one after haiTesfc of j 
kJkariJ jowar^ the other at Ugadi and 
the third after commencement of 
south-west monsoon. i 

I 'Oiieafter Ugadi 

and on© after the break of 
sonth-weat monsoon. 

(2) 7'hree baUiarings^one&i ground- 
nut harvest, another at Ugadi 
and third after commencement 
of the south-west monsoon — 
jiloughing one© in four years. 

(3)* Three halhcirhigs — one after Ugaii^ 
one after a month and the third 
after the break of south-west mon- 
soon. 

(3)’^ Three hakbarimja — one after | 
Ugadi, one a month later and I 
one after break of south-west 1 
monsoon. 

(.3) Two bakkari/ig,3-^om at ground- 
nut harvest, another after the 
commencement of south-W’cst 
monsoon— ploughing once in 
two years. 

(4) Four bakharing -^ — one after harvest of 
kharif jowar, one at Vgadi, one a 
month later and one after the break of 
south-west monsoon. 

(4) Four bakbaring,i— one a fter Ugadi , . 
! one each in April and May at * 

successive intervals of three 

1 weeks after Ugadi hakharing 

and one after the break of 
south-west monsoon. ■ 

1 

(4) 4'hree bakhojings — one at grouncB 
nut harvest, another at Ugadi, 
and third after commencement 
of the south-west monsoon — 
ploughing once in two years. 


Lotal practices 

In addition to the above treatment operations all tlie plots of cotton wheflier grown after Miurif 
jowar, rabi joicar or groundnut were subject to usual hoeing operations. 

Each experiment consisted of five randomized blocks, each block having eight plots - one corres- 
ponding to a treatment. Each plot was 60| ft. X 19| ft. and had 12 rows, each row being 
6C| ft. long, distance between rows being 18 in. Two rows on either flank of the plot and 2 ft. 9 in. 
length of each row on either extremity were treated as non-experimental. The net plot size was, 
therefore, 1/66 acre--55 ft. X 12 ft. 

The experiments were conducted during the seasons 1942-43, 1943-44 and 1944-45 af the Cotton 
Researoh Station, Nanded, where the soil is a typical black cotton one. The seed of Gaoraui 6 was 
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sowu each vear at t.'Le usual lime, exactly as per tlie local practice ol‘ droppiug tUa same tUrough a 
thogha (tul;e) ranniii^f behind a W'/wr. . 

All the fields had received a tractor ploughing in Jlaj 1940 and four years later pioughiug with 
a country plough was given at Ugudi, so that differences due to this routine tillage operation were 
not possible. 

fn addition to the above experiments regarding preparatory tillage for cotton grown after three 
rotation crops, another test was conducted during the period 1941 to 1944 to study exclusively the 
effect of the different methods of inteiscasonal operations with varying frequencies on the yield of 
Gaotauib. This experiment was earned out after kharij'jvimr under nornuil conditions and con.si.sted 
of the 18 treatment combinations due to three levels of weeding, three levels of hoeing with a bullock 
hoe and two levels of ridging with Indore ridgei-. Details of these treatments were a.s follows : 

{(I.) Weedinfjs 0 klwfjd) 

(1) No weeding. 

<2) Weeding once, on the first workable day following 85 days after sowing. 

(8) Weeding twice- first weeding on first w-orJcable day following 30 days after sowing, 
second weeding on first workable day following 05 days after sowing. 

(b) llotdug jrith a /,oI/ki (blade hoe) woiked hy bullocks. 

( 1 ) Xo hoeing. 

(■■2) Hoeing once- on the first workable day following 40 days after sowing. 

(8) Hoeing twice -finst hoeing on the finst workable day following 35 days after sowing and 
■second hoeing on the fij-st workable day following 70 days after sowing. 

(/:) Ridgiw) : with Indore ridger woj-ked by bollocks 

('] ) Xo ridging. 

(■2) Kidging once — about 80 days after’ sowing. 

The layout of this experiment consisted of three randomized blocks, each block having 18 
plots arranged at random. Each plot had 1 1 row.s, 18 in. apart, two rows on either side and 2 ft. 
9 in. length on either extremity of all rows being treated as non-experimental so that the net plot 
size was l;'75-4 acres. 


RESunns 

The results of the auaiyses of variance obtained for yield of seed cotton recorded for three seasons 
in the experiments mentioned above are given in Tables II, HI and IV. 


Table 11 


Analyses of vai-iance for the yields of mlto-n obtained for three seasons in, tire eolton oidtko.tion tests con,- 
ducted at the Cotton Research Station, Na-nded, duriny 1942-45 


Defjrefc 

of 

freedom 


Mean square of variance 


j Mitv kliarif jowacl After rabi jo war 


SeMoas .... 
Blocks within seasons . 
Bahkarhiga . . . * . 

Weedinga .... 
BakhciriiigiXWQedin^H . 
Seasons X weedings 
SmmmXbakkarings 
Seasons X hakhaTVfvgs X weedings 
Error / . 


405*6 

613'4 

80*4 

78*8 

250*2 

81*0 

39*7 

256*6 


16308 * 7 *^ 

206-5**** 

8*7 

849-1** 

40*1 

240*3 

61*9 

57*3 

57*7 


t 83 degrees of freedom for kharif jovsar since one plot in 1943-44 was missing. Similarly 82 degrees of freedom lor 
rabi jotcar as yieli of two plots in 1943-44 were lost and aeimoh calculated as mining 
** Significant at I per cent level. 
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TabwIII 


Ap(d^,<?s of van a-kce for yklijH of mei mtion for tim'titree neasom^ 1942-4*5, ik the mltimtion 

tebi after grmndmii 


Due icr , 



1 

Degrees 

of 

freedom 

i ■ . 

Mean square 

i ■ 

f 

; lieittarhi 

1 , „ 

Blocks . 



12 

^ '1572*3 

j ; : 

Seafionsf 



2 

2578-1 


Weedings . , 



1 

262-8 

■ ■ 

Bakkarings . . . 



1 

563-3 

! 

Ploughings . . . 



1 

276-6 

' 

Seasojos' X weeditigs ■ ■■ , ' . .. 



■ 2 

■42I.-9 


Semom X bahhamigs , . » 



2 

85-9 ' 


Seasons X plougliings . . . 



o 

10-2 ; 


Bakharinga x weeding , , 



i 

6*3 


Ploughing X weeding 



■ 1 -S 

1' ■ ' 14*4 


Ploughing X h<ikfmbig , 



1 i 

1 i05-3 


8easons X hahkaringa x weeding 



n 

! ■■ 195*2 


Seasons X bakharinga x ploughing . 



-y. ' 

; 1266-4 


Seasons X ploughing X weeding . 



- *y ■ 

m-8 


Ploughing X weeding X bakharing » 

wj . 

■ , 

1 ' 

626-5 


Season X ploughing x weeding X bakhan 

' • 

2 

230-6 


Error . . . , 


■ S3* 

257-8 

* yield of one plot in 
1944-45 lost— treated 
as missing 


It will be seen from the above analyses of variance that none of the preparatory tillage treat” 
ments incorporated in any of the above experiments brought about any ‘ Signiftcant ' differences 
in the yield of kapas of Gaorani 6. 

The mean yields of kapas (lb. per acre) obtained in the trial for different preparatory tillage 
treatments for three seasons were as follows : 


(1) After kharif jo war : 



1 ' 

! ■ ■ ■ ■ 

BaklMiinga 


T 

i i 

1',' , ■ i 


4 

Twice — 

(1) at XJgadi 
and (2) after 
break of 
South-West 
monsoon 

Tlirice — 

(1) kharif 

jowar harvest 
(2) at Ugadi 
and (3) after 
break of , 
South-West 
monsoon 

Thrice-- 

( 1 ) at Ugadi 

(2) a month 
after (3) after 

break of 
South-West 
monsoon 

Four 

times — (1) after 
kharif jowur 
harvest (2) 
at Ugadi (3) 
a month after 
(4) after break 
of South-West : 
monsoon 1 

- 1 

! 

Mean 

1 

a B. 

1942-4S . 

194 

182 

I 226 

1 

20* 

! 

201 

17-5 

1943-44 . 

1 348 

317 

343 

323 

'333 

: 24-6 

1944-46 . 

320 

264 

324 

2!)l) 

302 

18*1 

Avtragi jor ihne sfa-tovs 

287 

254 

298 

275 

278 

12-1 


B 
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Bakharifigs 


0) After gruKftdrni^ 


Ploughing once in two ^vear« 


Ploughing once in four years 


'I'wo 'I’hree 

bakharing^ bakharing^ 

(1) after (1) after 

groundnut groundnut 

harvest (2) harvest (2) 

after break after Vgadi 

of (3) after break of 

South-West South-West 
monsoon monsoon 


I 't’wo Three 

; hakh-arhiqn baklmings 

i (1) after U) after 

i groundnut groundnut 

harvest (2) harvest (2) 

after break after Ugidi 

of (3) after 

South-West break of 

monsoon South-West 

1 monsoon 


1942-43 . . . 1 

1843-44 . . . I 

1944-48 . . . ; 

Aviragt/or three eeasofis. 


Thus it ^yill be seen tliat increase in the frequency of preparatory tillage operations for cotton to 
fee grown after any of the crops mentioned above does not contribute towards any increase in its 
kapasjMd. 

Similarly the effect of an extra weeding (in addition to one that must be given) did not show 
any significant increase in the yield of seed cotton except in case of its being grown after rabi jowar. 
The mean yields of kupas (lb, per acre) for three seasons. 194-2 to 1945, of Gaorani fe due to different 
weeding treatments in the tliree trials w^ere as follow's : 


Weedittgs with khurpi 


One only J Two weeding^ 


After khmfjowur 
Aiur rabi jow(tr . 
After groundnut 


1 i 

I 

i 

: Four times - 

1 Uutce — 

Twice — (1) 

Thrice— (i) ' Ugadi 

' after hre&k 

at Ugadi {2) | 

lit Ugadi (2) , (2) and (3) 

of . j 

.after break j 

& month after j three weeks 

vSoulk West 

of 

(3) after break i interval 

monsoon 

South-West I 

of • <41 after break 


monsoon j 

Bottth- West ■ of South- WeM 



inoiisoon | monsoon 

i ■ .jgj 1 

m 

”* i 

■ i ■ 

1.94 i 195 

108 

m 

122 ; 129 

i 300 

284 

283 ‘ 274 

?; 200 ; 

m 

200 ' *200 

1 . ; ; 


500 


n] STrBHv^ iX KfEOXOMr 0F.B,AOK./|Xr,0OTTBXS 

It hay been already mentioned that in addition to abo?e experiments^ still another cultivation 
te^t was conducted to study the effect of different interaeasonal cultivation practices on the yield 
of seed cotton when grown after khurifjowar. Table I¥ gives the analyses of variance for the yield 
oFkapa-s recorded in this experiment for three seasons, A combined analysis for three years' data 
was not possible due to existence of large differences in the error variances of the three seasons* tfiak. 

■'•TableIV- ■ 

Amkj<et^ of mrlance for ykld of 'md cotton in the edtmUon B' {far fmA cdtrcritiofi 
operations) mndiMei at the Cotton liesemeh Station, Nanded. 194hl9i4 


Due to 


Degrees 

of 


Biooks 
Weedings 
Boeings 
Ridgings 
Weeding 
Hoeing X 
Weeding X ridging 
Weeding X koetng 
Error 


X hoeingM 
ridging 


ridging 


Mean square 


freedom 

j 1941-42 

1942-43 

1043.44 

■*■> ' 

, 

[ 818*1 

i 492-4 

1953 

w ' 


1 bi450-3** 

26040*'" 

i 1 

3230-1 : 

! 1533*4** I 

368 

■ ^ ■ i 

3039-3 i 

121-0 1 

3334 

4 I 

186$-9 ; 

■ 56*4 ■ 

461 

2 i 

I ' 631-7 1 

42- i ; 

589 : 

2 

1 . 3131*3 j 

i , 91*1 1 

. . SBl . ■ 

4 

3470-8 , 1 

• ' 84*5 ! 

930 

34 

3861*7 i 

HM i 

849-4 


^ **.Tn 1943-44 there ware only 33 degrees of freedom due to yield of one plot being lost (missing plot) 

It will be seen from tke above analyses that the differences due to ' ridging ‘ were not signihcant 
in any of the seasons. ' This means that Indore ridger does not offer any advantage to t he Marhat- 
wada cultivator. 

The differences in hipas yield due to weedings were significant for al! rhe three seasons and mean 
yields (lb.) per acre due to these treatments were as follows : 


Pounds per a<tVe 


i 

r 

Xo weeding 

I '■ 

One weeding 

i 

Two weeding, t 

! 

U, K. 

1 i.Vitical difter- 
ence At 5 'pet 

1 emi level 

1, . ■ 


56 i 

: mo 

h” — 1 

1 im I 

50 

1 1.71 

1942-43 , . . - ] 

96 

■yt 


12 

34 

1943-44 .... 

^ 94 

I 297 

' 452 I 

1 

32 

93 


It will be seen that tie weeded crop gave a significantly iiigher yield than the utiweeded one. 
lliis is least surprizing since the weed competition is sure to lower the yields of any crop. It was 
further noted that, wteeas in the first two seasons only one weeding was sufficient, in 1943-44 a 
second weeding gave a genuine advantage to the crop. This was probably due to the fact that in 
this particular season abnormally continuous rains after first weeding were recorded so that an addi- 
^tional weeding afto it was beneficial. 

f Hoeing once or twice with a iolpa did not offer anj*- benefit during the seasoas 1941 -42 a nd 194;1'44. 
However, in 1942-43, the plots that received hoeing gave a significantly higher yield over the ones 
that were not ‘ hoed There was, however, no difference in yield of /mjms due to the number of 
hoeings. The mean inpas yields for these treatments for the three seasons were as follows : 

»2 
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Pounds per mm 

i 

Critical 

■ ■ ■' 'Ho lioeittg. 

One hoeing j 

S. E. j 

Two hoeings . j 

difference at 

5 per cent 

1941-42 . 

. . .... ' . . W 

ms 

' 1 

889 59 


3942.4S . 

.1 200 


278 12 

i 34;'. ■■■' 

1943-44 • 

. ' . ■ 269 . i 

266 

3.9.9 32 



The above results show that hand weeding with a khitrpi alone is an absolutely essential post- 
sowing operation of the cotton crop. 

Discussion' " 

The experiments described above clearly show that, so far as preparatory tillage with the desi 
implements is concerned, the present methods followed by the Marhatwada cultivator need no im- 
provement. This should not be surprizing in vievr of the fact that the local practices of to-day are 
an outcome of the trial and error methods extending over cent uries. The neglect of the land between 
the previous harvest and UgaM (the Agricultural New Year) as brought about by the present system 
of land tenure, so far as the preparatory tillage is concerned, does not seem to have any untoward 
effect on the following cotton crop. 

Weeding forms a very important interseasonal operation of cotton cultivator without which the 
yields suffer very considerably. The frequency of useful weedings, however, would naturally depend 
upon the distribution of the rainfall, which in its turn controls the density and growth of the weeds. 
It is the competition effect of the weeds that has to be guarded against. This weeding operation 
is usually done by cultivator by such implements as serve a dual purpose, viz. that of weed removal 
and soil mulch. The above experiment has shown that in such matters, the common hhiirpi is more 
efficient than either the blade hoe (Wpa) or the ‘ Indore ridger This is probably due to the fact 
that the effect of ' blade hoe " is usually limited to the mulching and weeding of a 6 — 8 in. soil 
strip only, that lies between the crop rows 18 in. apart, lurther, its deeper penetration in the 
soil has probably a disturbing effect on the root system. In case of ridging, the same effects are 
present in a greater KMrp% on the other hand, leaves no patch of the soil iinmulched or 

unweeded and also gives the least disturbance to the roots. Further the blade hoe (kolpa) and ridger 
worked with bullocks offer possibilities of injury to the crop by the treading of the animals. 

Previous work regarding preparatory tillage conducted by the different Provincial Departments 
of Agriculture is mostly confined to the efficiency of ‘ inversion ' ploughs. An exhaustive review 
of this by Allan [1935] shows that in the black cotton soil tracts use of inversion plough has no parti-^, 
cular advantage in improving the yields of crops over a country plough and that their utility was 
not marked anywhere except at places where weed control was a problem. Ramanatha Iyer H 
ah [1940] found that, in Madras, the differences in yield due to preparatory tillage treatments of plough - 
ing and baJcharing (Guntaka) were of insignificant order. The results of the present tillage experiments, 
although not strictly comparable with the ones where other types of implement are used, show that 
the conclusions of Russel and Keen [1938] that Cultivations in excess of those needed to produce 

a seed bed and to keep down the worst of weeds did not confer any further benefit 

are upheld. These conclusions apply more particularly to soils that are virtually exhausted through, 
continuous cultivation without adequate manuring. 

Summary 

Cultivation experiments with Gaorani 6 cotton conducted at the Cotton Research St^^tion", 
Nanded, during the period 1941-45 showed that : 

L Variations in frequencies and timings of bakMrings and ploughings in preparatory tillage 
for cotton grown after khirif or mbi jmar or after groundnut did not improve yield of 
Gaorani 6. 
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2. A weeded crop gave a significantly higher yield than the unweeded one. One weeding should 
be normally enough since additional ^weeding did not offer any extra benefit except lo 
years of abnormally late rains. 

?i, KhfTfi is the most suitable implement for intereultivation operations in 31arhatw^ada. 
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UTILIZATIOX OF TOM'ATOE8 FOR JUICE AXf) SEED EXTR-AOTIOX 

By Mohd, Ishaq, B*So,(Aori,), Biochemist, Fruit Products Research Laboratory, Quetta, 
and I. D. Ohuohtat, B.Sc.(Hons.}) M.ScdTECH,), Research Assistant 

(Received for publication on 2 April 1946) 

T omato seed, a waste product in juice manufacturing factories, is utilized for extraction of seed 
oil in Italy [Sanborn, 1945] which is chiefly used in soap making. Waste material from manu- 
factured tomato products is also used as cattle feed in America and Italy [Wiegand, 1944 ; Sanborn, 
1945], owing to its high nutritive value particularly protein content. No mention appears to have 
been made in the literature particularly in India about the utilizatio!i of tomatoes both for purposes of 
juice and seed extraction./ 

Baluchistan is eminently suited for growing tomatoes of excellent quality. The yield per aci^e 
is also very high and ranges from 20 to 25 tons. In the uplands, tomatoes are available from June 
TO October and are especially prolific during July to September. In the lower lands of the Province, 
they are available during winter months. There are, at present, seven registered seed growers who 
produced about 47,710 lb. of vegetable seeds including 400 lb. of tomato seed in 1944, In 1945. 
about 2,000 lb. tomato seed was produced. A few small concerns are also engaged in the manufacture 
of various tomato products in Quetta and Gulisran. 

The attention of the authors was drawm to the enormous wastage of juice occurring during seed 
extraction process and of the seed when juice making is the primary object. This wastage is bound 
to be further increased as the production of seed or juice increases. An eflbrt was, therefore, made 
to utilize whole tomatoes for extraction of juice as well as seed so as to avoid wastage of the either 
product, In the ibiiowing pages, treatment of tomatoes prior to juice extraction, extraction of juice 
and seed, preservation of juice, cost of production of juice and seed, etc., are discussed. A method 
of extraction of juice and seed is also described, 

A problem ot gre^t economic importance both from the view point of vegetable seed growet-s 
and tomato juice manufacturers has been solved. It is to the mutual advantage of the seed growers 
and juice manufacturers to cooperate among themselves to avoid wastage of juice or seed. On the 
basis of tomato seed produced in 1945 by the registered seed growers of Quetta, not less than 133,400 
lb. juice (about 1627 maiinds) suificient to produce about 74,000 cans of A2| size was allowed 
to go to waste. Similarly, a huge amount of tomato seed is wasted by juice manufacturing concerns 
situated in seed raising parts of India, e.g- Baluchistan, Kashmir, etc. The wastage of either product 
can be avoided if the recommendations made in this attiele are followed. Their production costs 
would also considerably decrease and thus the producers as well as the consumers will be immensely 
benefited, 

' ' , ■ M'rthojds 

The merhofl of juice manufacture as described by Lai Singh and GirdhariJal [19^4], was found 
to be best suited for the simple type of equipment available in these laboratories and was adopted 
with slight modifications. The usual fermentation method of tomato seed extraction was employed. 

Ra%v material 

Tomatoes of a variety locally known as Large Red, grotvn at the Fruit Experiment Station, 
were used. The fruit was medium large to large in size (weighing about six fruits to a lb.) and having 
a smooth surface and roundish shape. The fruit, w'as allowed to remain on the bushes till it was 
fully mature and had developed a deep red colour. Individual fruits were then picked in to slat 
bottom wooden trays and brought to the laboratory. 

Experimental 

Experiments on extraction of juice and seed from whole tomatoes were conducted for two sea.sons, 
viz. 1943 and 1944. In 1943, fully ripe tomatoes were sorted, washed^ trimmed and were maslied 
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into pulp by liainl. A ctitain auiouut of juke exprei^sed dui*ing tlie masliiiig prooebs ooniHaied a fairly 
large percentage of the seed. This Juice was separated by decantation and passed through monel 
metal. sieve of 1 inm. mesh. The seed collected on top of the sieve was allowed to remain with a little 
quantity of juice in three different types of containers, viz. alunnnium, earthenware and wooden for 
about two days during which period the mass fermented and seed settled down. The supernatant 
liquid was then poured off; seed washed witli water and dried in shade. The remaining juice along 
with pulp was heated, for about five minutes, in a steam jacketed pan and juice extracted iyy working 
the pulp over monel metal seive of 1 mm. mesh. The juice \vas then iuauediately brought tea boil, 
sodium chloride added at the I'ate of I per cent, filled and processed [Lai Singh and GirdliariJaL 1944], 
The time of processing was uicreased to suit toi*al conditions (Siddapfui. The experinienial 

data oolle<*ted. are given in Tables 1 and 11. 
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Table 11 

Tomato juice from whole tomatoes and from palp after seed c.Li^radion {1943) 
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The above method was considered to be rather uneconomical as a fairly large percentage of seed 
remained in the pulp and could not be separated by the decantation of the Juice, In 1944, on the 
baais of small scale experiments, the following procedure W'as adopted for extraction of juice and seed 
rom whole tom?itoes. 
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Alter prdimmary treatments of sorting, washing and trimming, the tomatoes were out into 
halves, the ]<KjnIes containing seed were separated and the skin halves kept aside. The pulp from 
locules was worked over monel metal sieve of 1 mm. me^ih and the seed remaining on top with coarse 
pulp was allovred to ferment for 24-48 hours in wooden containers. This material was then gently 
rubbed with hands and seed separated by immersion in cold vrater. The skin halves were mashed, 
heated in a steam pan for about five minutes and juice extracted in the same manner as from locules. 
This was mixed with the juice obtained from locules, the entire lot quickly brought to a boil and 
finally packed as mentioned above. For comparing the quality and production costs of juice as 
well as of seed, whole tomatoes were utilized for preparation of juice and seed separately. The juice 
was packed precisely in the same manner as described by L<al Singh and Girdharilal [1944], while 
for extraction of seed the whole tomatoes -were mashed with hands after crushing [Lai Singh and 
Girdharilal, 1940], left for 24-48 hours and then rubbed with hands and the seed separated by immersion 


in cold water. Germination percentage of seed samples was determined by putting 100 seeds of 
each lot in folds of muslin cloth (kept constantly wet by immersion of its ends in water) placed iu 
a constant temperature incubator (temperature 28-30°C.) for about 10 days and counting the number 
of seeds which had germinated during this period. The germination tests were conducted by about 
the end of November. 1944. The entire experimental data are given in Tables III to V. 


UlSCUSi^IOX OF KESULTS 

A perusal of the experimental data presented in Tables I and II would reveal that : 

1. Out of three containers used for tomato seed extraction ivooden containers gave seed of a 
light dull straw' colour which was better in general outward appearance than that obtained either 
from earthen w'are or aluminium vessels. 

2, When tomatoes used for juice extraction alone, 59*5 lb. of juice was obtained from 100 
lb. of fruit ; and when both juice and seed were extracted, the yields of juice and seed per 1(K) lb, 
of fruit were 67 lb. and 8-4 oz. respectively. The decrease in the yield of juice was more than offset 
by the income realized from the sale of seed. Cost of production of juice worked out on the basis 
of a typical experiment in 1943 was as follows: 

(a) Juke from whole iomaioes (Bxpemnent 1 of Table II) 

1. Cost of 200 lb. tomatoes at Es, 8 per md. of 82 lb. . • • ^ . . • . Bs. 10-8-2 

2. Coal 4 md. at Be. 1 per maund . . . , . . . . . 4-0-0 

Z. Salt 1-2 lb . . , . . 0-1-4 

4. Labour 3 men at Re. I per man per day . , . . . . . 3-0-0 

0 . Miscellaneous charges, e.g. cloth, preservative, etc. . . , , . 0-9-0 

6. Cost of 75 bottles of 24 oz. capacity at Rs. 4-14 per dozen . . , . . 80-7-6 

7, Cost of 76 crown corks at 8 pies each . . . . . . . . 1-2-9 


b;et number of bottles prepared (after deducting breakage) 7^2 
C^ost per bottle of 24 oz. capacity (exclusive of depreciation and supervision charges 
and cost of labelling which will amount to at one anna per bottle approximately) 

(b) Juice from pulp left, after seed extraction (experiment 2 of Table II) 

1. Cost of 200 lb. of tomatoes at Rs. 8 per maund of 82 lb Bs. 

2. Coal 4 md. at Re, 1 per md 

3. Salt 1*1 lb 

4. Labour five men at Re. 1 per day 

5. Miscellaneous charges, e.g. cloth, preservative, etc 

6. Cost of 69 bottles at Es. 4-16 per dozen 

7. Cost of 69 crown corks at pies 3 each . . . , . 


Income from the sale of 16*7 oz, tomato seed at Rs. 20 per ib, (the actual retail price 
fixed by the Goverom^t ranged from Rs. 12-8 to 30 per lb.) 

* Het cost on juice 

Net number of bottles prepared 65 

Net cost per bottle of 24 oz. capacity (exclusive of depreciation, supemsion and 
labelling charges) 
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li is eA'idonl froBi the above that tiic eoBi of fruit k out-baiaBced bj the iticooic from Bale of teerl 
aofl iu <.*nn.seqnenro of this the cost of produetion of juice is reduced by about 30 ppr oeut. 

Data ofrlctailed evperimeuts couducted diiriug the 194i season on the utibzaijofi of whole tomato 
PS for juice, seed and juiet' plus seed extraction given in Tables 111 to V. indicate the following : 
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1. One thousand two hundred and twenty cans (A 2| plain) of juice were obtained from 2748*5 
Ib. tomatoes or 44 cans from 100 lb. fruit. 

2. Juice of thicker consistency was obtained in the early and mi<i season than tliat (rom the 
late season^ crop. 

3. The w'astage percentage varied from 21*79 to 39*13 and the yiehi of juice from 0u*87 to 78*21 : 
the average figures being 25*09 and 74*91, respectively. This is a bettfu* yield than that reported 
by Lai Singh and Girdharilal [194‘4] and is mainly due to the high quality of raw material. 

i. The juice was of a rich red colour and had a nice flavour and taste and kept very well during 
about i| year’s storage. 

K 







nn; iNiJiAX juuujsal of Aaiuouiiix^Alv scikni f 

o Appn^xitiiatt^ rust nf ])ru<jurtion of ail A 2| call of juice wub as f'olluw 

O.) lust of 2748'.i ib. tumatoos at Ab. 2 per lb. . . . . 

(Z) Salt LMtti lb. at Rh. G per maund . . . . 

ui) C.‘oal I m(b tor oU f'ans at Ue. I per md. . . * . . . . . 

^ 4 } Laboai’ I man for ;i0 cims Hi Ee. 1 per «iay . . . . . 

pU of cans at pies p{‘.r run inelusive of rcforuiing eliarges 

Miseeilaneoiia eharges, e.g.. electricity, labels. Hupervisiou, depreciation, allow- 
Aiire for sp<»ilage, e<,{3. at aooa 1 pics 0 per can . . . . . 

AlA>tal cost oil 1220 cans . 

< bst per can (A2| plain . . , 

(B) Tojffato ,:fT,flJroHf ivhole (ontalocs [Tahle IV) 

Table IV 

Remlk of lomafo t>eed euimeiion fro/o whole iowaioes {1944) 
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recovery 

biglit dull .straw, attractive colour, good outturn 
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Medium dull straw, good appearauee, fairly good 
recovery 
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Medium dull straw, good colour, fairly good re- 
covery 

Dull .straw colour, low recovery, low germination 
percentage. Poor .sample 


Dim i\;m or 7-S ib. 

100 lb. g:i2'3 or O'TJi lb. 


Niue hundred and ninety-nine lb. tomatoes were retpiired for 7%3 lb. of seed, i.e. 100 ll). 
for 0'7u lb. 

Percentage of seed recovery on fresh tomatoes varied from 0*15 to 1-02, the average figure 
being 0'07. 

A higher yield of seed was obtained in tlie early season wiiicli gradually decreased a,s the 
season advanced. There was a marked decrease in the yield of seed obtained on tlie 
10th October which considerably lowered the average figure. A detailed investigation 
in this connection is in hand. 

ddic seed was of a high quality both in regard to its general appearance and germination 
power which varied from 60 to 96, the average being 85-6. 

A seed of rather poor quality was obtained in the late season and its germination power 
also seemed to be impaired as the season advanced* 

Approximate cost of production per lb. of seed was as follows : 


Coni (»f i)99 lb, feomatocfcj at As 2 per lb. • 

Labour charges— two men for fOO lb. fruit at Be, 1 per bead per dfiy 


Total cost of 7*3 U>. seed 


Cost per ib. 


Kk. 124-14-0 
20 - 0-0 

144-14-0 

19-13-6 



.¥1]' JurOK AND SKRD ENTEAflTON .OF TOMATOES . ' 517 

(()) Towatr} jtricf' ahd ( Tahh^ 1‘) 

■ Table Y ■ 


/tesiz/Lv oj ioiiUifo a)((J ■ftui ejfimiio/f ff*Oio whole fomaUws {JJJt ! .wo.sfoi) 


Expt. 

No. 

i.ut No. 
of secsl 


NTt 

\\eight 

uftdiua- 

to«- 

lakfM* 

In Ih. 

Wt'i'iiht 
of t run- 
taiiicH 

and 
"kins 
etc. 
in Ho 

]Vrr».*nt- 
asje of 
lo-s 
diu* to 
triiniu- 
incr 

Wright 

ot 

juice 
ill lb, 

Percent- 

age 

re- 

covery 

of 

iuiee 

Xu. of 
: cans ■ 
]K-e. 
pared 
fA: -214 

Quad- 
life (tf 
s»‘.'d 
in yiif. 

iVr*'C!it * 

■ aw 

oi Hi-.h 
toma- 
to.'. 

i . ■ ,, ■ 

idT* 

roiua 

tii.n 

per. on) - 
ii«iC of 

.‘Ci| 

♦ ■ ilfniark--* 

\ ' " 

1 

2 

S 

4 

5 ' 

0 

’ 7 

: 8 . 

U 

[d 

t ) 

i:: 

\ i'i 

20 

i 

' ■■ " ' 1 

18 th July 

142 

4*1 

24 '27 

14 

fio'TS 

5 ;i 

1 

OiT .. 

o-da 


i OOoll il'id .*1 iuiri- 
.'Ifni ftfi’f) 

ui'i'mln.ttiofi 

1 l»c!»',oi!a'L»c. 

21 


2 lHt ,, 

120 ■ * 

' 

.'.S 

: 2 d' to 

88 

1 

^ 69-84 

47 ■ 

■ : 

6 ;d 

l-i«r : 

i 

d«,; 

' lioii.l vietd of jailer 

1 .and -a fit Hivdt 
f r iii 1 n .d Jots 

1 la-n r'Ht acc. 

22 

4 

24 tli 

i' , 78-5 

20 r. 

as '85 

48 

6 M .5 

1 -li ' 

and 

1 

O', 4 j 

■ 1 

■M 

' ' 1 

j tPuHl yj«'jd o{ jttin.' 

1 and .seed, fltcdi 

i '.formiiiatiofi 
; p.'r'.Mda'.rc, 

22 


25 th „ 


;;;{'5 

.'il'tO 

72 

68-54 

an 

tiC 

i-o. 1 

i 

iOd 

toio.i yifld ofjnfci* 
and seed. tUirh 
wrndnafion 


454 151 •(> :J 0:5 16 n lifUl or 4-5 lb. 

from UK) 1 )>. * ol 5 ' 2 H tiO *74 iJT 45 l> 2 orO-tmllt. 


1. One hundred and sixty-six cans (A 2i plain) of juice and 1*5 Ih. seed weiT obtained from 154 
lb. fruit, i.e. 37 cans of juice and about 1 lb. seed from 1(K> lb. fruit respectively. 

2. The wastage percentage varied from 3(>16 to 38*85 and recovery of juice fi’om 01-15 to 00*81 ; 
the average figure being 33*26 and ()0*74, respectively. The yield of juice is rims slightly decreased 
when seed extraction ivS resorted to. 

3. The recovery of seed was 0*84 to 1*10 per cent of fresh fruit, the average being D*(H), 'Phis 
is a very high figure when compared to the results of 1943 season wliere, approximately, 0*52 Ul 
seed was obtained from 100 Ib. tomatoes. This may be attributed to several causes, e.g. the quality 
of raw material, seasonal variations, etc., })ut the improved method adopted for seed extraction in 
1944 season seems to be chiefly responsible for increased recovery of seed. 

4. The seeds had an attractive outwar<! appearance ; their germination power ranged from 9] 
to 100 per cent, the average being 95*25. 

5. The juice had a rich red colour, nice taste and kept very well in about 1?, year's storage. It 
had a marked tendency to separate into liquid and pulpy portions. This defect is however not very 
serious when the juice is packed in cans. 

6. Approximate cost of production of an A 2|- can of juice was as under : 

(1) Cost of 454 lb. tomatoes at As. 2 peril), ..... 

{2) Salt 3 lb. at Es. 6 per md 

(3) Coal 1 md. for 50 cans at Be. 1 per md 

(4) Labour 1 man for 20 cans at Re. 1 per day 

(5) Cost of 166 cans at 36*98 pies per can inclusive of reforming charges 

(6) Miscellaneous charges, e.g. electricity, labels, depreciation, supervision, and 

allowance for spoilage, etc. at anna I pies G per tin 


Es* 5642-0 
0-34) 
3-5-0 
8-5-0 
32-0-0 


Total cost on 166 cans 


15-9-0 

116-2-0 


Cost per- tin 

Deduct from tliis the cost of 4*5 lb. seed at Rs. 14 per ib. (Ks. 15 per lb. being the 
approved wholesale price for first class quality seed — the retail price being Es. 30 per 
ib. minus Be. 1 per lb. on account of proportionate labour charges? on seed extrac- 
tion), i.e. • • 


11-2-0 


63-0-0 




Net cost on 166 cans 
Cost per can 


53-2-0 

0 - 6-0 
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The produetioii cofit is thus reduced by 50 per 
cost beinp" 10 aimas per ean* 


■cent, ' when, oaly , jiiice, is ' uiariiifectured the 




GlilNimAl/.' BFX'OMMENIXATIONS 

During all stages of haiulling tomatoes for juice and seed extract ioio contact with iue.tais like 
iron. co])per, zinc, lead, etc. should be avoided. For juice extraction, stainless steel, alutninium. 
nitdvle, glass lined equipment, niekle-copper alloys like monel metal (?an bo safely used. For seed 
extraction, wooden containers or earthen ware can be ein]>loyed witli advantage. As a result of the 
investigation reported above, the following method for extraction of tomato juice and seed from whole 
tomatoes on a semi -commercial scale is recommended. 

Step L Select fully ripe red coloured tomatoes reasonably free from cracks. Wash 
thoroughly by soaking them in water in cemented tanks and then by holding under strong sprays of 
w^ater. Remove carefully green and blemished portions, if any. 

Step 11. Cut the fruit into halves, remove the locules containing seeds and. keep aside the skin 
halves. 'Work the pulp (from locules) over 1 mm. mesh monel metal or stainless steel sieve and (‘ollerT 
tlie juice and seed (along witii the coarse pulp) thug separated and ])roceed as follows : 

Seed. Keep the seed in wooden containers di* earthen waire for 24-48 hours (or fermentation, 
then rub it gently with hands anclseparate the seed by immersion in cold water in suita])le containers. 
The coarse material will float on top leaving the clean seed at the bottom of the container, Diw 
the seed in shade and when perfectly dry, pack in suitable cardboard or other containers. 

Jmce. Heat the skin halves for three to five minutes in an open aluminium vessel on direct fire 
or in a steam jacketed kettle. Strain through a sieve of 1 mm. mesh made of moTiel metal or stain- 
less steel [Lai Singh and Girdharilal, 1940] or pass the mass through a pulping or straining machine 
[Lai Singh, Giridhari Lai and Mohd Ishaq, 1943], Mix the juice thiis obtained with that extrmded 
from the locules. Bring the entire lot quickly to a boil, regulate total solids content [Cruess, 1938] 
and proceed as described by Lai Singh and Girdliari Lai [1944, (Step III)], taking care that processing 
time is regulated according to the height of the place where work is conducted. 

For work on commercial scale, use of a crusher consisting of two revolving adjustable grooved 
wooden rollers placed horizontally for crushing tomatoes and of a pulping or straining machine for 
removing seed and skin are believed to be highly beneficial. It is, however, to be seen whether the 
germination power of seed is afteeted by thorough scrubbing of the material with the revolving brushes 
of the pulping machine. Due to the non-availability of these machines, this aspect of the problem 
could not be studied. 


Summary ^ 

A critical study has been made on- the following aspects of utilization of tomatoes for juice, 
seed and juice plus seed extraction, viz. (a) preliminary treatments of sorting, washing and trimming, 

(b) extraction of juice, (c) extraction of seed, (d) suitability of various containers for seed extraction, 

(e) cost of production of juice and seed, and (f) germination power of seed. A problem of great eco- 
nomic importance both from the view point of vegetable seed growers and tomato juice manufacturers 
has been solved. Results are briefly indicated below : 

Out of the three' types of containers used, viz. aluminium, wooden and earthenware for seed 
extraction, wooden containers yielded the best product. 

When tomatoes were used for juice extraction alone, 44 cans {A2-|- plain) were obtained from 100 
lb. fruit and the cost of production per can was annas 10. 

0*73 lb. of seed was obtained from 100 lb, tomatoes 'when exclusively utilized for seed extraction . 
and the cost of production of seed was Rs. 19-13-6 per lb, 

When tomatoes were utilized for juice as well as for seed extraction, 37 cans (A2J plain) of juice 
and about 1 lb. of seed were obtained from 100 Ib. fruit. The additional cost on seed" extraction was 
Re. 1 per lb. and the cost of production of an A2|size can of Juice (after making an allowance for the 
value of the seed extracted) came to aunas 5 only, 
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The quality of jiiiee and seed obtained uiidep various treatments was very good and tlie juice 

lovpt very well in about Jl years'storage. 

Juice and seed of rather inferioj* ^juulity were obtained from the late seusonls crop than from the 
tomatoes collected in the early or mid season. The peixwitage ree of the seed seemed to 

decrease, as the season advanced and its (juality and germination power also seetneil to l>e iiiifjaired, 
A method foi' exti-aetion of juioe mid seed from whole tomatoeH has iieen described. 
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SOME FUNGI FROI\i ASSAM, IT 

j^v S, (‘liAnvDHUEV. Plaut Pathoiogiual LaboiutoFy. Assain 

(Rweiv(?d for publication on 0 October 1945) 
two text.- Mgiirea) 

T his is tin* authors second coritrilKition to Assam fungi. I'lie Gollcti ions vveiv 

fiiculc (iuring 194‘5 and 1 944. fn the lAlentifieation of a few fungi help was received froin 
Dr B. B. Mundkar and iir Ayanatulk Khan of the Imperial Agneidtura! Heseardi Institute, New 
Delhi, and from IVir E. AV. Mason of the Imperial Myeolooierd Institute, England ; the author's 
! hunks are due to them. 

1. PHYOOMyCETES 



. .. ; OOMYCETES ■ ■ 

Gnumannii Mundlnir {Sei. Mmogr. Cotme. Agri, Res,. India, IS: 8, 1988). 

On leaves ot Argentone meximna ]j. Karirnganj, Svlhet. S. Dhowdhurv. 7-2-44. Herb. Plani 
Path. Lab. Sylhet. No. 46. 

P. j/arasilica (Pers.) de Bury {8acc\ \Al : 249 ; Ann, Mgc. 5: 012 , 1907). 

On leaves of Raphanns mfints L. Habiganj. S. Ohowdliurv, Dl-2~44. Herb. Plant Path. Lain 
■ , Bylhet. No.' 47. / , 

1\ vanabilis Gaumann {Sace. XXIV : 39 : Beit rage ziir Knjptogcunen flora der Sc/nveiz. 5 : 226,1923). 
On leaves of Chenopodmni alburn L. Rainagar, Sylhet. S. (’’howdlmry. 12-2-44. Herb, Plant 
Path. Lab. Sylhet. K’o. 48. 

Pseudoperonospora euhensis (Berk. & ('iirt.) Rost. (SVme. XVl : 520: Ann, Mgr. 10 : 244,1912; 
Bntler-Ptr??//f and Disease in Plants, 311, 1918). 

On leaves of Cnennm undo L. Sylhet. S. OhowdhiuT, 21-2-44, Herb. Plant Path. Lab. SylheL 
No. 49. 

Pythium aphanidennaiwn (Eckon) Fitzpatriefc (Mew. Dep, Agri. India Bot, Ser. 15 : 79-84, 1928: 
Saxc.XXlY: 1332). 

On the stems of Amaranthus gangeiints L. and on the fruits of Lagenaria vulgaris Seringe, Sylliet. 
S, Chowdhury, 7-6-44 and 12-12-44. Herb. Plant Path. Lab. Sylhet. Nos. 50. 51, 

ZyGOMYOKms 

Ohoaneplma mfmulibulifera (Ciirrey) Cunningham (Trans, Linn. Soe, II 8er. Bot. ].; 417, 1879: 
8mc. IX : 339 : Ann. Rogal Bot. GanL Cal, 6 : 163, 1895). 

On flowers of Hibiscus rosa-sinensis L. Svlhet. S. Ohowdhurv. 12-1-44. Herli. Plant Path. 
Lab. Sylhet. No. 52. 

Vuyminghawella elegans Lender (Sacc. XXI : 828). 

Isolated from difterent types of soil collected from different localities of Sylhet. 

Mucor racemosus Fresenius (8acc. VII : 192 ; J, Indian Inst. Set, HA, 12 : 141-60, 1928). 

Isolated from arable soils of Maulvibazar and Karimganj. 

Rhizopus nigricans Ehrenberg {8acc. AHI : 212 ; J, Indian Inst. ScL HA, 12, 41-00, 1928). 

Isolated from 'pan (Piper betle L.) horgj soils of Shaistaganj and Karimganj. 

II. ASGOMYOETBS 

Hemiascomyoetes 

Prot 0 wgcetes waerosponis Unger (Sacc, VII: 319: Ann, Myo. 9 : 372, 1911). 

fn living green parts of Cormndrum salmiw L. Lakshmibasa. S, Chowdlnirv, 27-1-4L Herl>, 
Plant Path. .Lab. Sylhet. No. 53. 
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DTSOOMYOJKmS 

Srlrrofiina sclrrofionim d(‘ Wary [iMrm, Ikpf. AtfH. hdh, Srr. Ig,, ;i. 

XXII : 044 as X, fidcrofiorum (Idh.} Haw. and Troti.]. 

On HrasHiat L. xar Kumw Pjuin ; Pui'anga«ni. S. (’{(nwdtiurv. hOMl. ip'rh. Jlain 

Piitji. Lab. Sylliet. Xo, 54. 



Pyeknomyobtes 

A^lenna cantdliae Hjd. & Butler {Avm. Alye. 9 : 389, 1911 : &ec. XXIV : 471 AUmdl. l\ h\ Zod. 
BoL Geselhch. Wien. 7, 3, 83, 1913). 

(}ii leaves of F//ea simnsh L. Baraura, Sylhet, S. (4howdluiry, Tdl-ll. lTer]>. Idanl Path. Lab. 
Sylhet. No, 55. 

Asfen}feUa duhlmanni (P. Henn.) Theiss [Brotena Her. Bot. 10. 120, 1912 ; Xaa XVH : 881 ; Arm, 
J'//ye. 9 : 392, 1911 as P. H'enn,). 

()n the leaves of Anams comosm (L.) Merr. Debpirr. Sylliet. 8. (4^^ 10-12-41. Herb. 

Plant Path. Lab. Sylhet. No. 56. 

Bafladyna hutleri Byd. (Aav. Afyr. 9 : 388. 191 1: Xrm- XXIV : 373). 

On the culms of Bamhusa .sp. Lahkipur, Cachar. S. Chowdhu^^r^^^^^ 8-8-14. Hei4), Plant Path. Lab. 
Sylhet, No, 57. 

Capvodkmi citri Berk. & Desm. (Indian J. agric. Set. 6 : 97, 1936; Haec. I : 78). 

On leaves and fj'uits of Cifnis sp. Sylhet, Haflong. S. Chovvdhury. Itb244. Plant Path. 
Lab. Sylhet. Nos. 58, 59. 

CK eugeniarum Gke. (Grev. 8 : 96, 1880; Haec. I; 78). 

On leaves of Eugenia jandjos L. Shillong, S. Chowdhurv. 12-9'-44. Herb. Plant Path. Lab. Sylhet. 
No. 60. 

C. nmmus Cke. (Grev. 21 : 76, 1893; Haec, XI: 271). 

On leaves of Mangifera mdica L. Illaspur. S. Chowdhury. 21-1244. Herb. Plant Path. Lain 
Sylhet. No. 61 . 

0. (heae Boed (Boedijn : Bulk Jard. Bot. Builemorg Her. Ill, 11 : 223, 1931). 

On leaves of Then sinensis L. Sridharpur. S. Chowdhury. 19-10-44. Herb. Plant Path.. Lab. 
Sylhet. No. 62. 

Vcratostomella paradoxa (de Seynes) Dade [Trans, Brit. Mymi. Hoe. 13 : 191. i92t8 ; Have. XXII 
1341 as Tkielaviopsis paradoxa (dc Seynes) v Hoehri ; Agri, Res. In^t. Pnsa Ball. 127 , 1922], 
On steins o( Arecri catechu L. and on the leaves and fruits of Ananm ('omosus (L.) Men*. Sjdhel . 
S. Chowdhury, 12-7-44. Herb, Plant Path. Lab. Sylhet and Herb, (kypt. Ind. Orient. 
New Delhi. Nos. 63, 64. 

Dolhidea azmati Chowdhury n, sp. 

Spots on the leaves distinct, hyfKiphyllous ; stroma ernmpeiit, usually pulvinate, sub-orbicular, 
single or gregarious, smootli, black, partly sunk in the tissue of tlie loaf. Pcriiliecia simk 
in the stroma; asci oblong 58-74x9-12 p, soon disappearing. Spores elliptical to fusiform, 
sub-biseriate, uniseptate, straight or very slightly curved, slightly constricted at the septa, 
17-24x4-7 p, brown. 

On the living leaves of Setaria palmifolia Stapf. causing distinct leaf spots on both surfa<*es of 
* the leaf ; Haflong. 30 December, 1943, Collected by S. Chowdhurv. 

Type specimen deposited in the Herb. Crypt. Ind, Orient. New Dellii. No. 6.5. 

Maculis in foliis, destinctis, hypophyllis, stromatibus erumentibns. gcneriitim pnlvinatibus, 
sub-orbiciilaribus, unicis vel gregariis, atris, nigris, parte, in folii hivStu jnergatum. Pej‘itlie<'iis in 
strunmm mergatis ; ascis oblongis, 58-74 x9-12p, mox disapparentes. Sporidiis elliptic'is vel fusi- 
formis, sub districliis, uniseptutis, strictis vel subcurvatis, ad septa paulo coustrictis, 17-24 ;<4-7p, 
l)rutmeis. 

In foliis viris Hciariae pjalndfoliae Stapf, Haflong, 30-1243. S. Chowdhury, No. 65. Typus in 
Herb. Crypt. Ind. Orient. New Delhi. 
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<!h,)„e,-ril(i riiKjidala (Stonem) Spauldiiijr & v Bchrenk (Saw. XVII ; .57:3 mal X\'l : 152 : Ann. u/ifd. 
Biol. 6: 245, 1920). ' 

On lt.‘iivc.s of Pipe/' hcllc L. Jaiiilapiir. H. (diowdiiury. J.5-9-U. Ilorl). I’laiil Path. Lab. Sylhot. 

. . No. 66 . ■ ■ ■ ' ' ■ ■ 

(/. Niajor Timst. (Tm/?s. Brit MgcoL Soc, 19; 331-66/ 1965). 

On vvoo(I}M>mncIies of Tte BarkaiKli. S. 17-7*11; Herb. Phuit Patli. 

Lab. Sylhet. No. 67. 

Ijq)to^)lmena agaves Syd. & .Butler {Ana, Mgo. 9: 409, 1911 ; /SVa.*c. XXIV : 979). 

On fading leaves of Aga.ve simkuui .Perrine, .Karimganj. B. Chowdliiiry. 7-7-11. Herb Plant 
.Patli. Lab. Sylhet. No. 68. 

L. saceJmn Breda de Haan {Saec, XI : 32.1; Ann. Myc. 9 : 109 : 1911 ; Jle/n. iJepf. Ayrie. India 
BoL Ser. 1, 3: 1-53, 1906). ’ ' 

On leaves of Bacchamm ojjkinannn L. ivaiiiatganj. S. tliowdliiiry. lnio-1 1. lleri). Piani Pal li. 
Sylhet No. 69. » 

MelioJa hruleri Syd. {Ann. Myc. 9 : 389, 1911 ; Naec. XXiV : 338 ; J. iJcpf. Bci. Vnl. Univ. \\ 1*17, 
1922). ■ ■ 

On leaves of (Mrus sp. Jaintapui*. S. Chowdhnry. 2-1*44, Herl). Plant Patli. Lab. Sylhet. No. 
70. ■■ " ' ■ ■ ■ ■ . , V' ’ ■ 

ill. nnmgljeme Earl (Baca. XXII ; iS ; Am. Mgc. 9: 382/ 1911). 

On leaves of Mangifem indica L. Karimganj. S. Cliowdlinry. 18-11-43. Herb. Plant Path. 
Lab. Sylhet. No. 71.) 

Nectriu cin/nviharma (Tode) .Fr. {Ann. Jiye. 9 : 393, 1911 ; Naec. II : 479; Quad. J. Indian Tea 
Assoen. 3, 86-91, 1923; Quart. J. Indian Tea Assoen. X: 32-44, 1925). 

On stems of Thea sinensis L, Barkandi, Sylhet. S. Cliowdhury. 8-8-44. Herb. Plant Path. Lab. 
Sylhet. Nx>..'72. 

FhyUachim hambusae Syd. k Butler {Ann. Mye. 13 : 441, 1915 : XXIV : 576). 

On living leaves of Bambusa sp. Sylhet. S. Chowdlimy. 27-12-44. Herb. Plant Path. Lab. 
Sylhet and lierb Crypt. Ind. Orient. New Delhi. No. 73. 

P. cynodoniis (Save.) Niessi {Ann. Myc. 9; 399, Wll; Am. Myc. 11: 328, 1913; Bace. II; 602). 
On leaves of Cynodon daUylon, Sylhet. S. Ohowdhnry. 18-2-43. lierb. Crypt. Ind. Orient., 
New Delhi and Herb. Plant Path. Lab. Sylhet. No. 74. 

F, dalbergiae Niessi {liedw. 20 : 99, 1881 ; Saco. II, 594 ; Ann. Myc. 9 : 397, 1911). 

On leaves of Dalbergia sissoo Koxb. Satgaon. S. Chowdhiuy. 8-3-44. Herb. Crypt. Ind. Orient. 
New Delhi and Plerb. Plant Path, Lab. Sylhet. No. 75. 

P. jimbristylicoki Speg, {Anyi. Myc. 9 : 398, 1911 ; Sacc. XXIl, 423). 

On Iciives of Fimbristyl is sp. Habiganj. S. Chowdhuiy. 12-10-43. Herb. Plant Path. Lab. Sylhet. 
No. 76, 

I\ sorg/ti V Hoelin {Bacc. XXJl : 426). 

Oil leaves of Sorghum vulgare Pers. Katakhal. S. Chuwdhury. 21-9-13. Herb. Plant Path. Lab. 
Sylhet. No. 77. 


111. BASIDIOMYCETES 


USTILAGINAliES 

B])liacelotliem sorghi (Lk.) Clinton {Bacc. VII ; 456 as Ustilao soryhi (Link) Pass,, Ann. Myc, 4 : 425, 
427, 1906 ; Agri. J. India 17 : 159-62 1922 ; Mycologia 22 : 125-58, 1930), 

On t-he ovaries of Sorghum liakpense (L.) Pers. (Syn. Andropogon hakpensis Brot.) Sylhet. S. 
Chowdhury. 6-2-43. Herb. Crypt. Ind. Orient., New Delhi., and' Herb. Plant Path. Lab. 
Sylhet. No. 78, 
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TJbedinales 

limihia rastafrix. Ettk. k Bioom^ (Sam. Yll : 585 ; ZeMsch.fur PflMmenkT.l$:.:.i1, 1905; Popular 
Sd. Bev. 15: 161-68, 1875 ; Pfanier/ 1876 

■ 1906 3542, 1906). 

On leaves of Goffea arahica L. Dalaipara, Sylhet. S. Chowdliury. 2-844. Herb. Plant Path. 
Lab. Sylhet. No. 79. 

Puccmia maijdu Bereng {Smc. VII: 659 as P. sorgAf Scliw. ; Ann. Myc. A,: AM, : J . Asiat. 
Soc. Bengal 60 : 214, 1891 as P. sorgJn Schw. BnthT-~-Fungi and Disease Plants, 193, 1918). 
On leaves of Zea mays L. Upper Shillong. S. Chowdhury. 6-8-44. Herb. Plant Path. Lab. Sylhet, 
and Herb. Crypt. Ind. Orient. New Delhi. No. 80. 

F. nakamshikii Dmt {Ami. Myo. A: 435, 1906 ; XXI : 691). 

On lea\^s of Cymbopogon Mmsimius ex Bor. Latu, Sylhet. S. Chowdhury. 12-12-43. Herb. 
Plant Path. Lab. Sylhet, and Herb, Crypt. Ind. Orient., New Delhi. No. 81. 

P. ihwaitesii Berk (Ann. Mycol. 4 : 431, 1906 ; Saco. VII : 720). 

On leaves of Jusikia gendarussa L. Sylhet. S. Chowdhury. 8-8-44. Herb. Plant Path. Lab., 
Sylhet, and Herb. Crypt. Ind. Orienh. New Delhi. No. 82. 

Vromyces fahae (Pers) de Bary (Sacc. VII : 531 i -Ann. Myc. 4 : 428, 1906; Ann. Myc. 10 : 255, 
1912). ‘ ' 

On leaves, sterns and pods of Ler?s e^OTZei^/a Mpench. Kasba, Sylhet. S. Ohowdh^ 6-1244. 
Herb, Plant i^ath. Lab. Sylhet. No. 83. 




Hymenomycetes 

Agaric'us latipcs Berk (Sace. V : 1000). % 

On the ground, Dawki. S. Chowdhury. 18-8-44. Herb. Plant Path. Lab. Sylhet. No. 84. ^ 

Bolehis areolatus Berk (/Sacc. VI : 44). ■ ' 

In open pastures. Upper Shillong. S. Chowdhury. 28-8-44. Herb. Plant Path. Lab. Sylhet. No. 85. 
F.y/ampes* Berk (/Sacc. VI : 28). j 

On the ground Upper Shillong. S. Chowdhury. 28-8-44. Herb. Plant Path. Lab. Sylhet. No. 86. | 

B, scrohicnlatus lierk. (Sacc. VI : 37). 

On soil in open places, Moflong, Khasi Hills. S. Chowdhury. 29-8-44. Herb. Plant Path, Lab. ! 
Sylhet. Nb. 87. 

Exobasidium vexans Massee {Kew Bull, 1898: 105-12, 1898 ; Sacc. XVI : 198 ; ButleT : Fungi and 
Disease in Plants, 422. 1918. Indian Tea Assocn. Btill. 3 , 1906 : Agri Res. Inst, Pusa Bull. IB, 

1910 ; Agri. J. India 5 : 126-37, 1910 ; Ann. Myc. 10 : 274, 1912 ; Quart. J. huUart Tea Assocn. ^ 

1: 35-43, 1922; Quart. J, Indian Tea Assocn. 1: 20-4:, 1927). T 

On leaves and twigs of Thea sinensis L, Sylhet. S. Chowdhury. 7-9-43. Herb. Plant Path. Lab. 
Sylhet. No. 88. 

Polyporus anthehuinticus Berk, (Gard. Chron. 753, 1866 ; Saco. VI ; 79 ; Proo, Sci. Gonvention, Indian " 
Assoc. Cult. Sci. for the year 1920-21 : 30, 1923). 

On dead root of Bambusa sp. Inatliganj, Sylhet. S. Chowdhury. 2-8-45. Herb. Plant Path. 

Lab. Sylhet. No. 89. 

P. ffiahilis Bose (J. Indian Bat. 8 : 300-1, 1921). < 

On the ground and, on the living and dead Bambusa sp. Lakshmibasa, Sylhet. S. Chowdhury. 
16-?44. Herb. Plant Path. Lab. Sylhet. No. 90. 

Poria diversispora Berk. & Broome (Sacc. VI : 324 ; Bull. Gharmichael Med. Coll. 1 : 1 , 1920). 

Cojnmon usually on old Bambusa sp. Svlhet. S. Chowdhury. 10-2-44. Herb. Plant Path. J./ab. 
Sylhet. No, 91. U 

P. hypobrumtea P(*tch. (Ann, Royal Bot. Gardn. Perademya 6 : 51, 1916 ; Sacc, XXIll : 119 ; Quart, ; 
J. Indian Tea Assocn. 1 : 38, 1925). 

A common cause of die-back of the steins of Thea sinensis L. Binnakandi, Cacliar. S. Chowdhury. 
14-3-13. Herb. Plant Ifath. Lab. Sylhet. No. 92* 
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p^mvhie B. & Br. (Saa:\ TI ; ' Jbm: 

Oil living and dead Bamhnm sp. Sikluir, Caulmv ■ S., CliowdliiOT Herln Plant' Patli, ' 

Lab. Sylbet, Iso, 93. 

pefalules Berk. {Baer, Tl : 557: Airn. Mip, 34 : 27,. '1936). '' 

(Pi dead /k//i'/few.sr/ 8p. Kariinganj. Svlliet. .k- (diow'dlmry.: 12-3-43. Herb. Plant Paib. Lab. 8vlhet. 

No. 94-. ■ ‘ , , :■ *'■ ■■■ 

,TfinhetP-s ctfbensis. (Mont.) Sace. (&ee.,IX. : 198 ; An^>h Myc. 35 : '134, 1937). 

On dead sp. M Ilailakaiidi.'. S. Gliowdliiiiy. ,8-3-14. Herb. Plant Patli. Bxb. 

Sylhet. No. 95. 

Ib Tiwflis Pries {Sacr\ Y1 : 354 : J, 'Dt^pL Bd. (^driftfa Univ. 11 : 11, 1934). 

On branches of sp. Siiillong. S. Chowdhury. 2440-44. Herb. Plant Path. Lab. Svlhet, 

No.96.'^' ■ ^.b' ■■"■■■■V b 

T. pemxmi Fries {Bacc. \4 : 272 as Polysfleltis persoom. Ami, My e, 35: 133, 1937). 

On living and dead Binnhum sp. Katiddial, Caehar. S. CliowdhiirT. 19-3-43. Kerb, Plant Path, 

Lab. Sylhet. No. 97. ,.' 

IV. FUNGI IMPERFECTI . b' 

Hyphomycetes 

Acrotkeciunh lunaium "Wakker {Bacc. XIV : 1089 ; Mem, Dep, Agri, Imlid. Bof. Bfu\ 11, 3, 57-74. 

1921 ; Amolated Account of Fungi Received at ihe Imperial Buremi of Mycology, List II : 2, 1928). 

On leaves of Andropogon sorghum Brot. Sylhet. S. Cliowdhury. 15-7-44. Herl>. Plant Path. Lab. 

Sylhet. No. 98. 

CepJialosporiuni sacchan Butler (Mem. Dept. Agri. India. Bof. Ser. 6, 8 : 181, 1913 : Butler : Fungi 
and Disease in Plants : 402 : 1918). 

In culms of Sacchanmi officimnim L. Sylhet. S. Chowdhury. 17-11-44. Her}). Plant Path. Lab. 

Sylhet. No. 99. 

Cercospora arackidioeola Hori {Phytopath. 23 : 627-640, 1933 ; L^ppal et al : The Fungi of Bombay. 

29,1935). 

On leaves, steins and petioles of Arachis hypogaea L. Haflong. S. Cdiowrlluiry, 6-8-43. Herb. 

Plant Path. Lab. Sylhet. No. 100. 

Cb dioscoreae El). & Mart. {Sacc. IV ; 479; Annales Crypt. Exot. II : 265, 1929, 19:^0). 

On leaves of Dioscorea sp. Satgaon. S. Chowdhurv. 15-1-43. Herij. Plant Path. Lain SylheO 
No. 101. 

C. jujubae Chowdhury n. sp. 

Mycelium hypopiiyllous, branched, septate, both internal and external. Ootiidiophores fasci- 
culate, emerging through the stomata or rupturing the epidermis, fuscous, 48-152x4-7 a. 

1-4 septate, constricted at the septa, sometimes swollen at the base, with distinct genieulations 
and conidial scars. Conidia clavate, solitary, apical, straight or very slightly curved, light olive 
gray, 1-5 septate, 26-45x8-10 p, bearing a distinct hilum at the base. 

On the lower side of the leaves of Zizyphus jujuba Lam. Maulvibazar. 8-2. 44. Collected by ! 

S. Chowdhury. j 

Type specimen deposited in the Herb. Crypt. Ind. Orient. New Delhi. i 

Mycelie hypophyllo, ramoso, septate, interne et externe ; conidioplioris fasciculatis, ex stoma- j 

tibus emergentis vel epidermis erumpentis, fuseis, 48452x4-7 p, 1-4 septatis, ad septa cons- f 

^ trictis ad bascim interdum, ampulliformism cum distinctis geniculatimibus et conidiolibus ^ 

hilibus. Conidiis clavatis, solitariis, apicis, strictis vel subeurvatis, pallide olivaceis, 1-5 f 

septatis, 25-45x8-20 p, ad bsaim cum hilo distincto. J 

In foliis Ziziphi jujubi Lam. Maulvibazar. 8-2-44. (S. Chowdhury No. 102 Typus). Typus in l 

Herb. Crypt. Ind. Orient., New Delhi. I 

6b longipes Butler [Mem. Dept. Agri. India. Bot. Ser. 1, 3, 41, 1906 ; Annales Crypt. Exot. II, 267, ; 

1929 (1930) ; Butler : Fungi and Disease in Plants. 405, 1918]. ! 

On leaves of Sacchanmi ojficinaruni L. Sylhet. S. Chowdhury. 7-11-44. Herb. Plant Path. Lab. 

Sylhet. No. 103. I 

G ! 
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C. 7 m.sarwH Zinmn (Ceiilml Bakt,. Jbt, ii, 8, 219. 1902 ; Keir Bull. Mkc. Inf. 19M, 159). 

On leaves Musa supieniumL.HylikeX.^,, Chowdliiiiy. 7-3-4'i. Herb. Plant Path. Lab. Sylliet 
and Herb. Crf/pt. Ind. Orient. Isew Bellii. No. 104. 

(\ wicotia/fae EH. & Ev. [Saec. XI : 628 ; Butler : and Disease in Plants ; 344, 1918 ; Annales 

II : 267, 1929 (1930)].^ 

■ On, leaves of Nicotianu tabamm L. Sylliet. S. Chowdlimy. 3-3-44. Herb. Plant Patli. 'Lab.,, Sylliet 
and Herb. Crypt. Ind. Orient, New Delhi. No. 105. 

C, pisi-sativae Stevenson [Sci. Monopr. Itnp. Cotinc. agri. Res. India. 18 ; 32^1938. LI 
Exp. Sta. Porto Rico (1917-18) 138, 1919]. 

On leaves of Pisum sativum Sylhet. S. Chowdlniry. 5-3-44. Herb. Plant Path. Lab. Sylhet, No. 
106. " ; ■ ■■ ^ ■ 

C. ncinella- Saec. k Berk. {Sci. Monogr. Imp. Coimc. agri. Res. India 12, 32, 1938). 

On leaves of Ricinus conummis L. Bjlhet. 8. Cliowdhmj. 14-2-44. Herb. Plant Path. Lab. 
Sylhet and Herb. Crypt. Ind. Orient. New Delhi. No. io7. 

C. solanacea Sace. [Saec. IV ; 449 ; Annales Crypt. Exot. II : 269, 1929 (1930)]. 

On leaves of Solanunt melongena h. 8. Chowdhury. 12-3-44. Herb. Plant Path. Lah. Sylhet a?id 
Herb. Crypt. Ind. Orient. New Delhi. No. 108. 

0. sorghi Ell. & Ev. (Saec. X : 656 ; III. Biol. Monographs 12 : 57, 1929 ; Meyn. Dept. Agri. India 
Bot. Ser. 18 : 259-279, 1931). 

On leaves ot Andropogon sorghum Brot. Sylhet. S. Chowdhury. 10-7-44. Herb. Plant Path. Lab. 
Sylhet. No. 109. 

<7» ifieae Breda de Haan {Sacc. XVIII : 598 ; Zeitsch fur Pflaenzenh\ 15 : 47, 1905 ; Butler : 
Fungi and Disease in Plants, 446, 1918 ; Quart. J. Indian Tea Assam. 1927, 2 : 73-86 ; 4 : 173-182, 
1927). 

On the leaves of Thea sinensis L. Sylhet. S. Chowdhury. 21-7-44. Herb. Plant Path. Lab. Sylhet. 
No. no. 

Cerehella inquinuns (Berk. & Broome) Petch (J. Proa. Asiat. Soe. Beyig. N.S. 17 : 207, 1921 ; Sacc. 
TX : 20, 1891 ; Phytopath. 88 : 613, 1942). 

On Digitaria Royleana Prain, Rainagar, Sylhet. S. Chowdhury. '17-9-44. Herb. Plant Path. Lab. 
Sylhet. No. 111. 

Edminthosporium fmmantacei Mitra {Trans. Brit. Mycol. Soc. 15 : 286, 1931). 

On leaves of Panicum, frmnantacemn Roxb. Habiganj. S. Chowdhury. 18-3-44. Herb. Plant Path, 
Lab. Sylhet. No. 112. 

H. graminemi Rabenh (Sacc. X : 615 ; Zeitsch. fur Pfianzenhr. 15 : 46, 1905 ; Butler : Fmigi and 
Disease in Plants, 186, 1918). 

On leaves of Hordeum vulgare L. Samshernagar. S. Chowdhury. 12-2-44. Herb. Plant Path. Lab. 
Sylhet. No. 113. 

H. noduloswn Berk. & Curt. {Sacc. IV : 421 ; Butler, Fimgi and Disease in Plants. 341, 1918 ; Indian 
J. agric. Sci. 4 : 943-73, 1934). 

On leaves, stems and inflorescences of Eleusine corocana Gae;rtn. Upper Shillong. S, Chowdhury. 
14-9-44. Herb. Plant Path. Lab. Sylhet. No. 114. 

JJ. sacchari Butler (Mem. Dept. Agri. India. Bot Ser. 6: 204, 1913; Butler: Fungi and Disease in 
Plants : 407-8, 1918). 

On leaves and midribs of Saccharum officinarum L. Kamalganj. S. Chowdhury. 15-12-44. Herb. 
Plant Path. Lab. Sylhet, No. 115. 

H. torulosum (Syd.) Ashby (Bull. Dep. Agri. Jainaica. s. 2, ii, 95-128, 1913 ; Phytopatli. 18 : 531-8, 
1928 ; Internat. Bull. Plant Protect IV, 7, 103-4, 1930 ; Trap. Agriculture 11 : 6, 1934), 

On leaves and fruits of Musa sapientum L, Kariinganj. S. Chowdhury. 19-10-43. Herb. Plant 
Path, Lab. Sylhet. No. 116. 

H. tritici-repentis Diedicke (/Sacc. XXII ; 1393; Indian J. agric. Sci. 4: 692-700, 1934). 

On leaves of Triticum vulgare Host. Samshernagar. S. Chowdhury. 12-2-44. Herb. Plant Path. 
Lab- Sylhet. No. 117. 
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//. turcicinn Passerini {Sacc. JV: 420; Mem: Dept.- AgrL JmlitL Ihf, Her. IT : 210-2, 1923), 

On leaves and inflorescences of Zea maj/s L. Shillong. 8. Cliowtllmry. 20-8- 1 L Herb, Plant Path. 
Lab. Sylhet. Xo. 118. 

SpHAEROPSIDALEB and M^EnAXCm'IALES' . 

Botn/o(liplodia theobromae Patonill (Sci, Monogr. Imp, Couhc. Agn. JtV.s. ledla, 1: 152, 1931)* 
On roots of TJmi sinensis L. Barkandi^ Sylhet. S. Chowdhrirv. ,15-9-44. Herb. Plant Path. Lab. 
Sylhet.No. 119, . ' ^ ^ ,, 

(Mhionchmi caieclm-1^^ (Jm#. .14 : 219j 1916). 

On leaves ot Areca eatechii L, Sjdhet. S. Ciiowdhiiry,' 15-7-43. Herb. Plant Patii. Lab. SvITjei. 
Xo. 120. ■ , , ■ . *.• V.'.- 

C. papagae (P. Heim.) P. Henn. {Sd, Mmwgr, Imp. Counc, Agni, lies. Imlia 12: 38. 10:>S). 

On dead petioles of Ckuica papaya L. Haflong. S. Chowdliurv. 12-11-44. Plant Path. Lain SvHnvc. 
No. 121. ■■ . 

Diplodia calami NiessL {Heiiv. 17 : 176, 1878 : Saec. IIT : 372 ; Aen. 2lyc. 14 : 200, 1916). 

On leaves of Calamus sp. Inathgaiij, Svlliet. S. Chowdltarv. 12-1-44. Herb, Plant Path. Lab. 
Sylhet. No. 122. . ■ 

Hendersonia tbeicolaCke. (Gm\ 1 : 90, 1872 mdl.theaeeda : Sf(re. ITT: 427), 

On leaves of Thea sinensis L. Binnakandi, Oacliar. 8. Chovrdhnrv. 11 3-43. Her‘l>. lOeiO 
Lab. Sylhet. No. 123. 

Pestalotia palmarum Cke. {Grev. 4 : 115, 1876 ; Sace. Ill : 796 ; Agri, Ties, Insi, Pusa But!. 9 : 21, 
1908; Agri. Res. Inst. Pusa Bull. 195 , 1929 ; 31 ipolog in 34 : 308-17, 1942). 

On leaves of Borassus flahelUfer L. Sylhet. S. Cliowdhury. 14-12-43. Herb. Plant Patli. Lab. 
Sylhet and Herb Crypt. 'Ind, Orient., New Delhi. No. i24. 

P. theae Sawada (Butler: Fungi and Disease in Plants. 451, 1918 Quart. J. Lallan. Tea Assocn. 1 : 
37-43,1920). 

On leaves of Thea sinensis L. Jallalnagar. Sylhet. S. Cliowdhury. 18-9-44. Plant Path. Lab. Sylhet 
and Herb. Crypt. Ind. Orient., New Delhi. No. 125. 

Phyllosticta svlata Cliowdhury {Indian J . agrie. Sci. X^ : 1944). 

On leaves of Oarica papaya L. Sylhet. 21-11-44. S. Chowdhurv. Plant Path. Lab. Sylhet and 
Herb Crypt, Ind Orient., New Delhi. No. 126. 

Septoria cannabis (Lasch) Sacc. (Sacc. Ill : 557 ; Ann. Myc, 14 : 213, 1916). 

On leaves of Cannabis sativus L. Shillong. S. Chowdhurv. 18-8-44. Herb. Plant Path. Lab. Sylhet. 



REVIEW 

A Review of the Literature on Soil Inscetlddes. Edited by H. C. Ciougli {Published luj (he DinTt(u\ 
ImperM Institute of Entrmtohf/g. Lom j), 161. Price 10s.). 

T he appiinit if*n of an insecticide to tlie soil is much more complex than applying it to plant 
foliage, etc., l^ecause in the soil the insecticide is likely to disturb the equilibrium in soil 
UjiciTj-asi ganisms or may react directly or indirectly with manures and fertilizers. There are numerous 
observations in literature of various countries on the efficacy of soil insecticides. Dr. Gough has 
reiii lereil a great serti’ee to the entomologists by compiling all the information available in the brochure 
siiider i’eview. His method of treatment of the subject is admirable. He has discussed all the 
iihporrant insecticides one by one and under each individual insect against which they have been 
applied they are arranged in a systeinatic manner. The important group of soil nematodes is 
oinitte<l deliberately because this subject is recognized by the «author to have a literature of its own. 
The control of Myriopods and Araehnide is, however, included. 

When the brochure appeared it was thought that some conclusions would be drawn as to wffiich 
insecticides are most efficacious against various important pe.sts. However, the coiiclusions actually 
drawn from the review by Dr. Gough are rather meagre not because he has not examined the various 
research papers critically but because of the fact that contradictory results have been obtained by 
diflhrent authors for almost ail the substances tested. This show’s that no systematic attempt has 
yet been made to critically examine the effect of different insecticides by isolating their influence 
from the other factors wdiich operate in the soil medium. This also emphasizes the complexity of 
the problem as stated above. Anyway Dr. Gough’s w’ork is likely to result in simplification of the 
problem by stimulating research work in an extensive and critical manner. — H. S. P. 


NOTIFICATIONS ' 

Notification No. F. 15-1 j 45- A. ^ dated the 27 th December 1945, of the Goverwment of India in the Depart- 

ment of Agriculture. 

Tiie notifications of the Government of India in the Department of Agriculture No. F. ISH/db-A, 
dated the 2oth September 1945 and the 12th November 1945 are hereby cancelled. 

Notification No. F. 3-1 i'46-PP., dated the 17'th August 1946, of the Government of India in the Depart- 
ment of Agrmdture, 

In exercise of the powders conferred by Sub-section (1) of Section 3 of the Destructive Insects 
and Pests Act, 1914 (II of 1914), the Centra! Government is pleased to direct that the following further 
amendment shall be made in the Order published with the notification of the Government of India 
in the late Department of Education, Health and Lands No. F. 320/35-A.. dated the 20th July 1936, 
namely: — 

In paragraph 8B of the said Order, after the word “ Burma ” the words “ or the Kalat State 
shall be inserted. 
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